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FOREWORD 


IN  CONDUCTING  THE  RESEARCH  0ESCRI8ED  IN  THIS 
REPORT,  THE  INVESTIGATORS  AOHERED  TO  THE 
"GUIDE  FOR  THE  CARE  AND  USE  OF  LABORATORY 
ANIMALS"  AS  PREPARED  BY  THE  COMMITTEE  ON 
CARE  AND  USE  OF  LABORATORY  ANIMALS  OF  THE 
INSTITUTE  OF  LABORATORY  ANIMAL  RESOURCES, 
NATIONAL  RESEARCH  COUNCIL. 


SUMMARY 


THE  VARIOUS  SUBJECTS  COVERED  IN  THIS  REPORT 
ARE  LISTEO  IN  THE  TABLE  OF  CONTENTS. 
ABSTRACTS  OF  THE  INDIVIDUAL  INVESTIGATIONS 
ARE  INCLUDED  ON  THE  DO  FORM  1498 
INTRODUCING  EACH  WORK  UNIT  REPORT,  AND 
NAMES  OF  THE  INVESTIGATORS  ARE  GIVEN  AT  THE 
BEGINNING  OF  EACH  REPORT. 
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23.  (U)  The  objective  of  this  work  unit  is  to  elucidate  the  mechanisms  of 
protective  immunity  to  leishmania.  Leishmaniasis  is  endemic  in  Africa,  the  Mid  East 
and  Indian  Subcontinent  and  South  America,  posing  a  significant  potential  threat  to 
military  operations  in  these  areas. 

24.  (U)  The  approach  is  to  cultivate  human  monocytes  in  vitro,  infect  them  with 
Leishmania,  examine  the  processes  of  entry  into  the  cell  and  intracellular 
replication,  and  examine  the  effect  of  immunomodulatory  agents  on  these  processes. 

25.  (U)  82  10  -  83  09  Human  monocytes  have  been  infected  with  Leishmania  tropica 

and  donovani.  Replication  of  parasites  in  monocytes  has  been  documented.  Studies 
with  high-titer  L.  donovani-immune  serum  indicated  that  antibody  does  not  facilitate 
pntry  of  parasites  into  cells,  and  does  not  inhibit  intracellular  replication.  L. 
|tropica  parasites  exposed  to  fresh  normal  human  serum,  however,  were  rapidly 
killed.  Such  compl ement-ki 1 1 ed  organisms  did  not  enter  human  monocytes.  Thus, 
entry  of  Leishmania  into  their  human  host  cell  largely  depends  on  active 
.narti ci pati on  by  the  parasite.  Further  studies  are  in  progress  to  clarify  the 
Mechanisms  of  parasite  participation  in  the  entry  process.  Understanding  of  such 
fnechanisms  may  permit  therapeutic  intervention  aimed  at  disrupting  the  interactions 
of  monocytes  with  extracellular  parasites,  thereby  preventing  spread  of  organisms 
[from  one  cell  to  another.  For  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  Oct  1982  -  30  Sep  1983. 
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Work  Unit  095  Mechanisms  of  Human  Mononuclear  Cells  for 
Killing  of  Intracellular  Parasites 


Investigators: 

Principals:  MAJ  David  L.  Hoover,  MC 

LTC  Wayne  T.  Hockmeyer,  MSC 

Associates:  MAJ  Monte  S.  Meltzer,  MC 

CPT  Micheal  J.  Gilbreath,  MSC 
Carol  A.  Nacy,  Ph.D. 

PFC  David  Wynn 


Problems  and  Objectives: 


Leishmania  species  cause  skin  and  visceral  disease  throughout 
the  tropics.  No  effective  strategy  has  been  developed  to  prevent 
acquisition  of  disease  by  troops  deployed  in  endemic  areas.  In 
animal  models,  cellular  immunity  is  believed  to  control  esta¬ 
blished  disease.  Murine  macrophage  activated  by  product  of 
stimulated  lymphocytes  j_n  vitro,  for  example  are  resistant  to 
infection  by  Leishmania  and  destroy  those  parasites  that  do  enter 
the  host  celT  If  similar  processes  govern  human  macrophage- 
parasite  interactions,  enhancement  of  human  host  defenses  by 
imnunomodulating  agents  such  as  gamma  interferon  might  be 
possible.  Construction  of  an  effective  immune-therapeutic 
strategy  requires  the  development  of  a  system  to  allow  analysis  of 
the  interplay  between  immuno-st imu lated  human  monocytes 
macrophages  and  parasites.  The  following  problems  must  be 
addressed  in  the  design  of  such  a  system:  (1)  What  factors 
regulate  parasite  entry  into  the  host  cell?  (2)  Can  human 
monocytes  support  intracellular  replication  of  the  parasite  in 
vitro?  (3)  If  so,  can  monocytes  respond  to  immune  mediators, 
especially  interferons,  to  inhibit  such  replication  and  kill 
intracellular  parasites?  Evidence  from  the  murine  system 
indicates  that  immature  mononuclear  phagocytes  are  readily 
infected  with  Leishmania  and  support  its  replication,  but  respond 
poorly  to  immune  mediators  to  kill  it.  Mature  macrophages, 
however  are  responsive.  (A)  If  human  monocytes  also  prove  to  be 
relatively  refractory  to  activation  by  immu nomodulators  to  kill 
intracel lular  parasite,  can  such  refractorin°ss  be  overcome  by 
providing  additional  priming  signals  or  by  targeting  mediators  to 
the  cell  (e.g.,  by  encapsulation  in  liposomes  or  by  a-achment  of 
mediators  to  monocyte-specific  antibody)? 


3 


Progress : 


We  have  separated  monocytes  from  normal  human  blood  and  have 
harvested  peritoneal  macrophages  from  healthy  women  -undergoing 
tubal  ligation.  We  have  established  conditions  for  the  main¬ 
tenance  of  these  cells  _i_n  vitro,  and  have  exposed  them  to 
Leishmania  amastigotes.  Amastigotes  of  both  L_.  tropica  and  _L. 
donovani  infect  freshly  harvested  human  monocytes  and  peritoneal 
macrophages  and  survive  for  at  least  72  hr  in  j_n  vitro  culture. 
Treatment  of  L_.  donovani  amastigotes  with  heat-inactivated  high- 
titer  L_.  donovani  immune  serum  did  not  alter  entry  of  parasites 
into  human  monocytes;  %  infected  monocytes  and  the  number  of 
amastigotes  per  100  macrophages  were  unchanged  following  immune 
serum  treatment  of  amastigotes.  When  amastigotes  were  treated 
with  fresh  serum  alone  (L_.  tropica)  or  fresh  serum  plus  immune 
serum  (L_.  donovani ) ,  parasites  failed  to  enter  monocytes.  The 
reduced  infectivity  of  amastigotes  for  their  host  cell  was  related 
to  reduction  in  parasite  viability  effected  by  human  serum 

complement.  These  data  suggest  that  the  entry  of  amastigotes  into 
human  monocytes  is  a  dynamic  process  that  requires  active 

participation  of  the  parasite. 

Following  ingestion  by  monocytes,  l.  tropica  replicated,  with 
a  least  2-fold  increase  in  parasite  numbes  in  72  hrs .  Human  cells 
did  not  kill  L_.  tropica  after  treatment  with  supernatants  of 

mitogen-stimulated  leukocyte  cultures  or  with  gamma  interferon. 
The  cells  did,  however,  kill  extracellular  tumor  cell  targets. 
These  studies  suggest  that,  although  competent  to  express  one 
effector  function  (tumor  cell  killing)  human  monocytes  do  not  kill 
intracellular  J_.  tropica  after  treatment  with  this  particular 

lymphokine  signal.  This  selective  expression  of  one  effector 
function  rather  than  another  may  be  a  consequence  of  the 
immaturity  of  the  blood  monocyte. 

We  have  also  initiated  studies  of  lymphokine  delivery  to 
macrophages  via  encapsulation  in  liposomes.  Preliminary  work 
indicates  that  liposomes  inhibit  the  induction  by  lymphokines  of 
intracellular  microbicidal  activity,  possibly  by  interfering  with 
an  early  priming  step.  This  successful  modulation  of  the 
activation  sequence  holds  great  promise  for  further  studies  aimed 
at  enhancing  the  ability  of  lymphokines  to  induce  microbicidal 
effector  activity. 
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Recommendations: 


We  will  investigate  the  following  problems  in  activation  of 
human  macrophages  and  monocytes  to  kill  Leishmania:  (1)  Do  human 
monocytes  fail  to  develop  anti-leishmanial  microbicidal  activity 
after  lymphokine  treatment  because  they  do  not  recognize  signals 
mediating  that  activity?  (2)  Can  the  application  of  different 
signals  or  alterations  in  the  timing  or  mechanism  of  delivery  of 
signals  (e.g.,  by  liposome  encapsulation)  enhance  the  respon¬ 
siveness  of  monocytes?  (3)  Can  more  mature  or  more  differen¬ 
tiated  human  macrophages  kill  Leishmania  after  lymphokine 
treatment?  (4)  Do  humoral  factors  ( antibody  and  complement) 
enhance  lymphokine -induced  microbicidal  activity? 
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tested  for  lmmunogenicity  in  laboratory  animals. 
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by  biochemical  techniques.  It  did  not  contain  core-lipid  A  and  was  non-toxic  in  the 
Limulus  assay.  By  NMR  and  chemical  analyses,  this  Shigella  0-Ps  was  shown  to  consist 
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j.ec  ti  ves 


The  objectives  are  (1)  to  isolate  and  to  purify  lipid 
A  free,  O-specified  polysaccharide  (O-Ps)  antigens  from 
hybrid  enteric  organisms,  ( ? )  to  compare  their 
physicochemical  properties  with  parental 
lipopolysacchar ide  (LPS)  antigens,  and  (3)  to  determine 
their  immur.ogenicity  in  laboratory  animals.  Salmonella 
t  y  p  h  i  strain  5076-lC,  a  potential  live,  oral  vaccine  for 
protection  against  typhoid  fever  and  shigellosis  due  to 
Shigella  sonne  i  ,  serologically  expresses  the  Shigella 
sonnei  form  I  antigen  and  normal  Salmonella  typh i  somatic 
antigens.  To  assess  the  cell  surface  architecture  of  the 
major  protective  antigens  of  this  genetically-derived 
strain  (Formal,  S.B.,  et  al  (1d8l)  Infect  ■  Immun .  34  ,  746- 
750),  polysaccharide  components  were  purifed  and 
chemically  analyzed. 


The  Salmonella  t  y  p  h  i  5076  -lC  cells,  which  cannot 
produce  complete  (i.e.,  smooth)  1 ipopolysaccharide  (LPS) 
without  added  galactose  due  to  a  g a  1 E  mutation,  were  grown 
with  galactose  ( +  g  a  1 )  and  without  (-gal)  and  subsequently 
treated  with  hot  phenol  water  to  release  the  somatic 
antigens.  Ultracentrifugation  of  the  aqueous  layer  from 
( +  g  a  1  )  cell  resulted  in  a  pellet  of  complete  LPS  having 
tne  classical  core-linked  _S_L  ty  ph  i  0-antigen  but  no  core- 
linked  form  I  antigen;  the  pellet  from  (-gal)  cells 
consisted  of  incomplete  (i.e.,  rough)  t  v  p  h  i  LPS. 

Regardless  of  cell  growth  conditions,  the  form  I  antigen 
did  not  sediment  during  ultracentrifugation  but  was 
recovered  from  the  supernatant  by  alcohol  precipitation 
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and  purified  by  DEAE  ion  exchange  chromatography. 
Unlinked  form  I  and  S_j_  typhi  O-polysaccharide  antigens, 
both  present  in  the  (  +  g)  supernatant,  were  further 
separated  by  gel  filtration.  Chemical  analysis  revealed 
the  form  I  antigen  to  be  a  polymer  (M^,  14-20  Kdal)  having 
0-dissacchar ide  repeating  units  comprised  of  2-acetamido- 
4-amino-2 , 4 , 6 - tr ideoxy-D-ga lac tose  and  2-acetamido-2- 
deoxy-L-altruronic  acid.  Unlike  parental  S.  sonnei  form  I 
LPS ,  the  5076-1C  derived  form  I  antigen  lacked  core-lipid 
A,  displayed  low  L imulus  amoebocyte  lyste  gelatin 
activity,  had  low  phosphorus  content,  and  migrated  with 
lower  mobility  on  SDS  gels.  These  data  indicate  that  in 
strain  5076-1C  the  form  I  antigten  is  noncovalently  bound 
to  core-lipid  A,  but  exists  as  a  polymerized  cell  surface 
entity.  Moreover,  in  contrast  to  the  current  theory  of 
LPS  assembly  in  Enterobacterlacease,  the  form  jl  antigen  of 
strain  5076-1C  does  not  require  translocation  to  core- 
lipid  A  at  the  cytoplasmic  membrane  for  transport  to  the 
outer  membrane  layer.  | 

! 

Future  P Ians 

This  project  needs  to  be  continued  in  the  following 
areas:  (1)  to  compare  the  immunogenic i ty  of  the 
transcon jugant  derived  "nontoxic"  Shigella  0-f?3  with  that 
of  native  Shigella  LPS,  (2)  to  develop  methods  to  enhance 
the  immunogenic ity  of  nontoxic  0-Ps,  and  (3)  to  study  C-Ps 
production  in  coli-Shigella  recombinants  carrying 
endonuclease-digested  DNA  encoding  for  Shigella  0-Ps 
synthesis. 


1.  Seid,  R.C.,  Formal,  S.B.,  Schneider,  H.,  and  Sadoff , 

J.C.  (1983)  "Elaboration  of  shigella  polysaccharide 
Antigen  by  Salmonella-shigella  recombinants" 

Federation  Proceedings,  Vol  3 4  >  Abstract  No.  ;2377, 
page  2164. 

2.  Seid,  R .  ,  Formal,  S.B.,  Baron,  L.S.,  Sadoff,  J  •  ,  and 
Schneider,  H.  (  1983  )  "Shigella  Form  I  0!-Antigen  is 
Unlinked  to  Lipid  A-Core  of  Recombinant  S  .  typhi  Oral 
Vaccine  Strain",  Abstract  887,  page  38,  83rd  Annual 
Meeting  of  Amer.  Soc .  Microbiol. 

3.  Wachter,  R.F.,  Seid,  R.C.,  Briggs,  G.P.,  Bondarev,  S., 
and  Stephenso,  E.H.  (1983)  "Characterization  of  Phase 
I  Antigen  of  Coxiella  burnetti"  ,  Abstract  E78,  page 
89,  83rd  Annual  Meeting  of  Amer.  Soc.  Microbiol. 
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4.  Richardson,  E.C.,  Banerji,  B.,  Seid,  R.C.,  Jr-,  Levin, 
J-,  and  Alving,  C.R.  (1983)  "Interactions  of  Lipid  A 
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'3.  (U)  Development  of  peptides  encompassing  the  receptor  binding  domains  of  Escherichi 

:nli  (EC)  and  Gonococcal  (CC)  pill  as  immunizing  agents  against  diarrheal  and  gonococcal 
nfections.  These  two  diseases  are  major  health  problems  to  military  personnel. 

14.  (U)  Pili  will  be  enzymatically  and  chemically  cleaved  to  yield  peptides,  which  will 

>e  isolated  and  characterized  by  biochemical  techniques  and  tested  for  binding  activity 
iy  immunological  assays.  Chemical  and  genetic  sequencing  techniques  will  be  utilized  to 
elineate  the  primary  structure  of  peptide(s)  encompassing  the  common  domain.  Cloning 
if  the  appropriate  gene  fragments  into  other  bacterial  systems  will  be  attempted  to 
;enerate  a  large  quantity  of  CC  pili  as  well  as  to  prepare  synthetic  vaccines.  To  en- 
anca  immunogenicity  of  peptides,  covalent  coupling  to  adjuvant  molecules  will  be  do- 
eloped  . 

5.  (U)  82  10  -  83  09  GC  pilus  has  been  cleaved  witli  CnBr  into  three  fragments  that  wer 

esolved  by  gel  filtration.  The  largest  fragment  reacted  with  anti-pilus  antibody.  Piiu 
lgested  with  trypsin,  yielded  about  25  peptides  which  were  grouped  into  3  categories: 
olar,  neutral,  and  hydrophobic  by  liquid  chromatography .  All  three  groups  reacted  with 
ntipill  antisera.  A  GC  DNA  fragment  encoding  pilus  synthesis  has  been  packaged  by 
osmld  vectors  into  E.  coli.  A  replica  blot  immunoassay  was  developed  to  detect  reenn- 
inants  expressing  GC  pili.  Gel  electrophoresis  of  EG  pili,  obtained  from  the  Departmen 
f  Gastroenterology,  revealed  two  protein  bands  of  17.8  and  15.5  Kdal  molecular  weights 
MW),  respectively.  The  lower  MW  protein  was  purified  by  gel  permeation  In  30  percent 
cetic  acid  and  was  still  antigenic  as  evidenced  by  Western  blot  using  naturally  immune 

uman  sera.  The  17.8  Kdal  MW  protein  remains  ro  be  purified.  (For  technical  report  see 
;{BftA._Ac^-j^B^faitji|UsflijT^J?espa£ch_Annuaj_J^  82  -  30  Sept  83). 
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Objectives 

The  objectives  of  this  long  term  work  project  are  (1) 
to  delineate  the  "common"  binding  peptide  domains  of  pilus 
proteins  among  antiger.ically  diverse  strains  of  Neisseria 
gonorrhoeae  ( G  C )  and  Escherichia  col  i  (EC)  and  (2)  to 
develop  these  peptides  as  synthetic  vaccines,  either  by 
themselves,  or  after  conjugation  to  adjuvant  carriers. 

P  rogress 


(1)  GC  pilus  has  been  cleaved  with  CnBr  into  three 
fragments  that  were  resolved  on  a  gel  column  in  30%  acetic 
acid.  The  largest  of  the  CnBr  fragments  reacted  with 
anti-pilus  antibody.  Pilus,  digested  with  trypsin, 
yielded  about  25  peptides,  as  evidenced  by  liquid 
chromatography.  These  peptides  have  been  grouped  into  3 
categories:  polar,  neutral,  and  hydrophobic.  All  three 
groups  reacted  with  antipilus  polyclonal  antiserum. 

(2)  A  GC  DNA  fragment  encoding  pilus  synthesis  has 
been  packaged  by  cosmid  vector  into  E .  c o 1 i  ■  Recombinants 
expressing  GC  pilus  protein  have  been  detected  by  an  in 
situ  replica  blot  immunoassay  using  a  monoclonal  antibody 

as  a  probe. 

(3)  A  CFA  II  protein  preparation  was  subjected  to 
physicochemical  analyses  including  amino  acid 
determination,  N-terminol  analysis,  and  SDS-polyacrylamide 
gel  electrophoresis  (SDS-PAGE).  Acid  hydrolyzed  CFA  II 
protein  gave  no  histidine,  cysteine,  or  methionine.  The 
absence  of  methionine  precludes  the  use  of  cyanogen 
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bromide  cleavage.  Edraan  degradation  released  two 

prominent  N-terminal  residues,  alanine  and  valine, 
suggesting  that  this  CFA  II  preparation  contained  two 
polypeptides.  Further  evidence  for  the  presence  of  two 
polypeptides  was  obtained  by  SDS-PAGE.  Two  protein  bands 
of  17-8  and  15.5  Kdal  molecular  weights  (MW),  on  SDS-gel 
were  revealed  by  staining  with  Coomassia  blue  dye.  The 
lower  MW  protein  was  purified  by  gel  permeation  on 
Sephadex  G-100  column  equilibrated  in  20*  acetic  acid. 
This  15*5  Kdal  MW  protein,  eluting  behind  the  void  volume, 
retain  antigenicity  as  evidenced  by  Western  blot  using 
naturally  immune  human  sera.  Tne  17.8  Kdal  MW  protein 
remains  to  be  purified. 

(  U  )  A  rapid  microana ly t i ca 1  technique  of  the  Dorman 
chloride  determination  was  developed  to  monitor  both  t-BOC 
deprotection  and  amino  acid  coupling  reaction  during  solid 
phase  peptide  synthesis.  The  procedures  include  (a)  an 
altenate  preparation  of  pyridium  hydrochoir ide  salt  of  the 
peptide,  (b)  use  of  ch 1  or idome ter  to  titrate  the  amount  of 
chloride  ions  released,  (c)  the  weighing  of  2  to  3  mg  of 
dried  substituted  resin,  and  a  single  tube  preparation  of 
the  resin  for  chloride  extraction.  This  analytical 
technique  has  been  employed  during  the  solid-phase 
synthesis  of  an  octapeptide  tumor  surface  antigen  and  will 
be  utilized  in  the  future  for  preparing  synthetic  peptides 
of  EC  and  GC  pil i . 

Future  Plans 

The  funding  ($35K)  allocated  to  this  long  term 
project  was  used  to  purchase  a  solid  phase  sequenator. 
The  installation  date  has  been  tentatively  set  around 
October,  1983*  This  instrument  will  be  used  to  determine 
the  amino  acid  sequence  of  both  the  enzymatic  and 
c hem i ca 1 -c 1 ea v ed  peptides  of  GC  ptlus  and  the  E .  coll  CFA 
II  protein.  Future  work  will  also  involve  nucleotide 
sequencing  of  the  DNA  fragment  encoding  GC  pilus  synthesis 
to  define  the  common  peptide  region,  further  biochemical 
characterization  of  EC  CFA  II  protein  preparation  and 
development  of  chemical  methods  to  link  peptide  fragments 
to  carriers  to  enhance  Immunogen  ic  i  ty  . 

B lbl  lography 

1.  Kopecko,  D.J..  Schneider,  H.,  Seld,  R.,  Zollinger,  W., 
and  Wohlieter,  J.A.  (1983)  "Cosmid  Cloning  and 
Expression  in  Escherichia  co  1  i  of  Neisseria  gonorrhea 
Pili  Genes",  83rd  Annual  Meeting  of  the  Amer.  Soc. 
Microbiol.,  Abstract  Do,  page  60  . 
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;  23.  (U)  /Although  the  existence  of  discrete  cholinergic  ncurotransmitter  systems  is  well  known, 

;  still  to  be  accomplished  is  a  careful  synthesis  of  physiological,  biochemical  and  morphological  data 
;  which  would  indicate  how  these  systems  function  normally,  during  development,  in  aged  animals 
and  in  response  to  chemical  or  electrolytic  lesions,  tty  employing  sophisticated  biochemical  and 
morphological  methodologies,  we  will  investigate  tli.  baseline  parameters  for  the  cholinergic 
system  and  characterize  the  dynamic  alterations  whicn  attend  its  operation  under  a  variety  of 
Conditions.  The  effect  of  nerve  growth  factor  and  other  neuropeptides  on  several  parameters  of 
I  cholinergic  function  will  be  tested  in  normal  adults  and  under  the  conditions  to  be  described. 
There  is  military  relevance  in  this  research. 

24.  (U)  In  the  first  series  of  experiments  neonatal,  adult  and  aged  rats  will  receive 
intracerebro ventricular  injections  of  nerve  growth  factor  (NGF).  This  protein  will  be  prepared 

j  from  the  submaxillary  glands  of  adult  male  mice.  Injections  will  follow  surgical  preparation  of 
I  animals  by  the  aseptic  placement  of  intracranial  burr  holes.  Following  injection,  animals  will  be 
sacrificed  at  intervals  for  determination  of  choline  acetyl  transferase  (ChAT)  activity,  high  affinity 
acetylcholine  uptake,  autoradiographic  confirmation  of  acetylcholine  receptors  and 
imrnunocytoche.nical  staining  for  ChAT.  In  subsequent  experiments,  these  S3me  measures  will  be 
determined  after  exposure  of  normal  rats  to  acetylcholinesterase  inhibitors  and  electrolytic  lesions 
of  cholinergic  pathways. 

25.  (’J)  82  10  -  83  09  NOTH  PRIOR  Till!;:  DYNAMIC  RFC  JLATION  OF  OPIOID 

!  NEUROTRANSMITTER  SYSTEMS.  NGF  was  shown  in  neonatal  animals  to  markedly  enhance  the 
activity  of  the  cholinergic  neurotransmitter  enzyme  ChAT.  This  change  occurred  in  stepwise 
fashion  and  was  first  apparent  4  days  after  the  first  iujectu.  i.  The  cholinergic  neuronal  groups 
which  participated  in  the  ChAT  increase  included  all  those  of  the  basal  forebrain  as  well  as  the 
jcaudatc.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress 

iktiDDrt,  ilnOi.w  hi2« .«  jdiS’iD.Llw . . . . .  . — ..  - . . 
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Problem : 

The  following  problems  are  being  investigated: 

(1)  What  is  the  normal  anatomy  of  the  cholinergic  cells  of  the  basal 
forebrain?  The  studies  are  aimed  at  characterizing  these  cells  and  their 
fibers  at  the  light  and  utlrastructural  levels. 

(2)  What  biochemical  parameters  characterize  these  cells?  The 
studies  include  determination  of  the  specific  neurotransmitter  enzyme 
choline  acetyltransf erase  (ChAT),  high  affinity  choline  uptake,  ar.d 
acetylcholine  receptor  analysis. 

(3)  What  anatomical  and  biochemical  features  describe  this  system 
during  normal  development  and  normal  aging? 

(4)  What  changes  result  from  administration  of  a  potential  trophic 
factor,  nerve  growth  factor  (NGF)?  What  is  the  role  of  other 
neuropeptides  in  these  changes? 

(5)  What  changes  occur  after  intoxication  with  anticholinesterase 
agents  and  electrolytic  lesions,  and  do  such  treatments  alter  the 
response  of  cholinergic  neurons  to  NGF?  This  work  may  indicate  a  role 
for  NGF  in  the  treatment  of  cholinergic  injuries.  Including  those  of 
military  personnel  exposed  to  acetylcholinesterase  inhibitors. 

Importance: 

A  variety  of  animal  and  human  studies  indicate  a  key  role  for  the 
cholinergic  neurotransmitter  system  in  learning  and  memory.  Essential  to 
an  understanding  of  the  system  is  a  full  description  of  its  anatomical  and 
biochemical  characteristics.  The  observations  to  be  made  will  provide 
important  insights  into  the  functioning  of  these  neurons  and  may  provide 
clues  as  to  how  to  enhance  their  function  in  normal  as  well  as  in  lesioned  or 
intoxicated  subjects.  Of  special  military  relevance  is  the  involvement  of 
the  cholinergic  neurotransmitter  system  in  battlefield  exposures  to  toxic 
chemical  agents. 


Approaches: 

Jl)  Anatomical  studies  will  employ  im  munocytochemical  techniques 
with  a  monoclonal  antibody  directed  against  ChAT.  Cholinergic  cell 
bodies  and  their  fibers  will  be  mapped. 

(2)  Enzyme  levels  of  ChAT  and  acetylcholinesterase  will  be 
determined  in  the  basal  forebrain  and  in  cortical  regions.  Standard 
procedures  will  be  used  to  measure  choline  uptake.  Acetylcholine 
receptor  density  will  be  determined  autoradiographically. 

(3)  NGF  will  ye  prepared  from  mouse  sub  maxillary  glands.  The  protein 
will  be  irv'?cted  intracerebroventricularly  and,  in  subsequent 
experiments,  directly  into  specific  nuclear  groupings.  Iodinated  NGF 
will  be  prepared,  and  determinations  will  be  made  of  NGF  receptors  and 
of  specific  NGF  retrograde  flow. 

(4)  Acetylcholinesterase  inhibitors  will  be  administered 
intravenously.  Electrolytic  lesions  will  be  placed  stereotaxically. 

Results: 

lm munocytochemical  studies  with  monoclonal  anti-ChAT  antibody 
have  revealed  quite  specific  nuclear  groupings  of  cholinergic  cells.  In 
agreement  with  other  investigators,  we  have  described  four  major 
groupings  in  the  basal  forebrain  of  the  rat.  These  are  the  medial  septal 
nucleus,  the  vertical  and  horizontal  limbs  of  the  diagonal  band  of  Broca 
and  the  nucleus  basalis  of  Meynert.  Anatomical  studies  of  neonatal  and 
aged  animals  are  in  progress, 

(2)  Neonates  receiving  an  intracerebroventricular  injection  of  NGF 
demonstrate  dramatic  Increases  of  ChAT  activity  in  basal  forebrain 
nuclei.  These  increases  are  specific  to  ChAT,  and  occur  in  stepwise 
fashion  with  Increases  first  noted  4  days  after  the  first  injection.  Other 
biochemical  and  anatomical  studies  of  this  NGF  effect  are  in  progress. 
The  response  to  NGF  of  normal  and  lesioned  adult  animals  will  be 
evaluated. 
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23.  (U)  The  technical  objectives  of  this  work  unit  arc  to  determine  whether  passage  of 
Campylobacter  jejuni  isolates  can  be  made  under  experimental  conditions  and  if  passage 
is  successful,  to  determine  any  pathogenesis  in  the  animal  model  obtained.  Isolates 
from  humans,  bush  dogs,  maned  wolves,  aotus,  baboons,  and  domestic  dogs  will  be 
investigated.  C.  jejuni  occurs  in  a  large  number  of  species  from  all  areas  of  the 
world  and  has  been  implicated  in  disabling  gastroenteritis  which  has  been  noted  as  an 
obstacle  to  fielding  of  the  rapid  deployment  force. 

24.  (U)  Isolates  will  be  characterized  by  antibiotic  sensitivity,  plasmid  presence,  and 
serology  prior  to  infecting  laboratory  animals.  Infect ivity  and  pathology  will  he 
correlated  with  said  characteristics.  Monoclonal  antibodies  will  be  developed  against 
cell  wall  portions  to  aid  in  understanding  the  bimorphis::i  (spiral  and  cocci)  of  the 
organism  at  different  stages  of  the  growth  cycle  and  as  a  means  of  determining 
significant  antigenic  portions  of  the  cell  surface. 

25.  (•:)  3210-8309  Over  120  isolates  of  C.  jejuni  have  been  identified.  Plasmid 
extractions  have  been  done  on  over  100  of  there  isolates,  finding  close  correlation 
oetween  the  low  molecular  weight  plasmids  and  sulfonimid  resistance  in  porcine  isolates. 
Endotoxin  studies  using  primary  quail  cells  and  newborn  nice  have  been  done  on  several 
isolates  with  negative  results  in  newborn  mice  and  minor  <,*:><?  in  quail  cells. 

Colonization  of  C.  jejuni  in  nude  mice,  coturnix  quail  and  dwarf  rabbits  was  successful. 
For  technical  report  see  WRAIR  Annual  Progress  Report.  1  Ort  82  -  30  Sep  83. 
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INVESTIGATORS: 
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Associates : 

Assistants : 


Curtis  R.  Bartz,  MAJ ,  VC 

James  J.  Brendle,  DAC;  Robert  E.  Sims,  DAC; 

Stephen  J.  Grate,  CPT(P),  VC 

SP5  Germaine  Flores;  PFC  Naomi  Capozza 


OBJECTIVES: 


The  objectives  of  this  work  unit  were  to: 

a.  Collect  fundamental  data  on  Campy lobacter  jejuni 

b.  Determine  the  suitability  of  different  animals  as  models  of 
Campy lobacter i os i s  in  humans 

IMPORTANCE: 

Basic  information  is  reouired  on  animal  reservoirs,  antibiotic 
resistance  patterns  and  plasmid  content  of  C.  jejuni  for  empirical 
treatment  regimes  and  prophylaxis.  An  animal  model  of  disease  is 
required  for  study  of  the  pathoqenesis  of  C,  jejuni  enteritis,  of 
which  little  is  known. 


ACCOMPLISHMENTS: 

Over  120  isolates  of  C .  jejuni  have  been  collected  from  laboratory 
animals  at  WRAIR,  captive  nondomestic  animals  at  the  National  Zoo, 
and  human  patients  at  the  Bethesda  Naval  Hospital.  Plasmid 
extractions  have  been  completed  on  over  100  of  these  isolates, 
findina  close  correlation  between  the  low  molecular  weirjht  plasmids 
and  sulfonamid  resistance  in  porcine  isolates.  Procedures  to  cure 
isolates  of  specific  plasmids  to  correlate  with  tetracycline 
resistance  have  been  beoun.  Tests  to  identify  endotoxin  production 
by  C.  jejuni  have  been  done  usino  newborn  mice  for  in  vivo  studies 
and  primary  embryonic  nuail  cells  for  in  vitro  studies.  Patholony 
has  been  found  in  the  newborn  mice  but  the  specific  assay  beino 
used  for  fluid  accumulation  in  the  nut  has  been  nenative. 
Colonization  of  C .  jejuni  in  nude  mice,  coturnix  quail,  and  dwarf 
rabbits  was  successful. 


INTERPRETATION: 


Over  85%  of  C.  je iuni  isolates  were  found  in  conjunction  with  other 
enteric  pathooens  or  stress.  Neither  the  antibiotic  resistance 
patterns  nor  the  Plasmid  profiles  could  he  used  to  identify  the 
animal  species  from  which  th°  isolate  was  obtained.  Bacterial 
colonization  in  coturnix  nuail,  nude  mice  and  dwarf  rabbits  may 
make  these  animals  useful  in  studyinn  the  pathonenesis  of  disease 
caused  by  C .  jejuni. 
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FUTURE: 


The  work  initiated  will  continue  under  this  work  unit.  Clinical 
isolates  will  be  characterized  by  antibiotic  resistance  and  plasmid 
profile.  Plasmids  will  be  cured  from  isolates  obtained,  allowinq 
correlation  with  specific  characterist ics ,  i.e.,  antibiotic 
resistance  and  pathogenicity.  Additional  laboratory  animal  species 
and  in  vitro  assays  will  be  investioated  for  usefulness  as  an  assay 
in  evaluatinq  individual  C .  je  juni  isolates.  The  nude  mice,  dwarf 
rabbits,  and  coturnix  quail  will  be  further  investiqated  as  models 
to  study  the  pathooenesis  of  this  disease. 
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23(U)  The  primary  objectives  are  to  study  the  processes  of  antigen  sampling,  attach¬ 
ment,  uptake  and  presentation  vithin  the  follicle-associated  epithelium  (FAE)  of 
Peyer1  s  patches  in  the  small  intestine.  This  will  be  accomplished  by  studying  the 
derivation  and  characteristics  of  the  cells  involved  and  the  dynamics  of  antigen 
trapping  and  processing  in  FAE.  Knowledge  derived  from  these  studies  will  be  used  to 
manipulate  the  mucosal  immune  system  by  enhancing  antigen  attachment  and  presenta¬ 
tion,  thereby  promoting  ora!  immunization  while  preventing  establishment  of  oral 
tolerance.  The  military  relevance  of  this  research  is  prevention  of  respiratory  and 
gastrointestinal  infections. 

24(D)  Cell  surface  receptors  on  FAE  microfold  (M)  cells  will  be  characterized  on  the 
basis  of  lectin,  immunoglobulin  and  antigen  binding  capabilities.  Leukocytes  of  the 
FAE,  grouped  on  the  basal  surface  of  M  cells,  will  be  classified  as  T  cells,  B  cells, 
macrophages  or  a  combination  of  these  cell  types,  on  the  basis  of  well  defined 
surface  and  cytoplasmic  markers.  Possible  binding  of  oral  antigens  by  FAE  leukocytes 
will  be  determined,  also.  Immunocytochemistry  and  autoradiography  will  be  used  as 
basic  techniques. 

25(U)  82  10  -  83  09.  A  lectin  from  Ulex  europaeus  (UEA)  binds  exclusively  to  M  cells 
in  rabbit  gut-associated  lymphoid  tissues,  as  shown  by  lectin  cytochemistry.  Mature 
epithelial  cells  were  localized  in  lymph  nodes  draining  mucosal  tissues.  M  cells 
were  selectively  dissociated  from  these  tissues  using  EDTA  and  collagenase.  UEA  will 
be  used  to  further  purify  M  cells,  M  cells  will  be  cultured  and  moroclonal  antibodies 
will  be  prepared  to  M  cell  surface  proteins.  This  represents  progress  toward  the 
selective  immun i zat ion  of  mucosal  surfaces.  For  technical  report,  see  Walter  Reed 
Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  32  -  30  Sep  83. 
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VKsry.s: 


Project:  3A161101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Work  Unit  100:  Oral  Vaccination  of  Peyer's  Patches  and  Mucosal 
Surfaces 

Investigators: 

Principal:  Michael  J.  Roy,  Ph.D. 

Associates:  Jeenan  Tseng,  Ph.D. 

LTC  Robert  H.  Reid,  MC 

Problem: 


More  effective  methods  are  needed  to  selectively  deliver  anti¬ 
gens  to  cells  involved  in  the  afferent  arm  of  secretory  immunity. 
Infections  of  the  gastrointestinal ,  respiratory  and  genital  tracts 
result  in  a  substantial  loss  of  military  manpower.  Effective  oral 
vaccines  have  not  been  developed  for  most  pathogens  that  traverse  or 
infect  mucosal  tissues,  in  large  part  because  traditional  methods  of 
immunization  result  in  poor  secretory  immune  responses. 

Approach: 

The  mucosa  of  gut  associated  lymphoid  tissues  consists  of  three 
cell  types:  M  cells,  columnar  enterocytes  and  lymphocytes.  M  cells 
are  actively  involved  in  the  uptake  of  antigens  and  the  subsequent 
transport  of  these  materials  to  underlying  lymphoid  tissues.  It  is 
hypothesized  that  these  events  are  crucial  for  effective  oral  immuni¬ 
zation  to  occur.  Glycoproteins  are  likely  involved  in  antigen  binding 
and  transport.  Therefore,  M  cell  surface  molecules  will  be  studied  in 
more  detail  using  three  experimental  approaches:  1)  searching  for  lec¬ 
tins  or  neoglycoproteins  that  bind  exclusively  to  M  cells;  2)  isolating 
and  culturing  M  cells  so  that  antigen  binding  capabilities  can  be 
studied,  i_n  vi tro;  and  3)  producing  monoclonal  antibodies  reactive  with 
the  M  cell  surface  glycoproteins  involved  in  antigen  binding  and  uptake 


Progress : 


Morphologic  studies  on  rabbit  sacculus  rotundus  and  appendix  indi¬ 
cate  that  these  organs  are  an  unusually  rich  source  of  M  cells.  L.ymph- 
oepithelial  cells,  including  M  cells,  were  dissociated  from  sacculus 
rotundus  by  sequential  incubation  with  EDTA  ard  collagenase.  Mice  were 
immunized  with  these  cells  and  hybridoma  production  and  screening  for 
anti-M  cell  antibodies  will  begin  soon.  The  lectin  UEA,  from  Ul ex 
europaeus ,  binds  to  mature  cells  of  ectodermal  or  endodermal  orioins 
and  to  M  cells,  indicating  that  M  cells  are  well  differentiated  epithe- 
leal  cells  and  suggesting  that  M  cells  have  biochemical  properties 
different  from  adjacent  immature  enterocytes. 
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Future  Objectives: 


Continue  ILIR.  Enrichment  of  M  cells  from  populations  of 
dissociated  lymphoepithel ium  will  be  attempted  using  centrifugation 
on  discontinuous  density  gradients  and  UEA-dependent  agglutination 
or  chromotography.  Isolated  M  cells  will  be  cultured  and  monoclonal 
antibodies  will  be  produced  to  antigen  receptors  on  the  surface  of 
M  cells.  Achievement  of  these  goals  will  represent  steps  toward  the 
selective  presentation  of  immunogens  to  mucosal  surfaces  in  a  way 
that  will  stimulate  strong,  long  lasting  secretory  immune  responses 
to  infectious  diseases. 
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and  their  chemically  isolated  components  exliil.il.  an  i  til.  i  hi  lory  effect  mi  the  in  vitro 
growth  of  I’,  falciparum.  There  is  a  military  n-qu ;  rement,  for  new  therapeutic  agents  to 
prevent  and  treat,  malaria. 

P'l .  (ll)  'll  1 1  •  approach  involves,  chemical  preparation  crude  plant  i-xt  cache.  for  in  vit.ro 
screening  followed  l>y  isolation  and  puri  I’ie.at  i<n,,f  .'..iiq..  .n.  nls  for  in  vitro  ant  ima  I  nri  al 
activity  confirmat ion ,  structure  determination  and  mochnnism  of  action  studios. 

25.  (U)  62  10-83  09  We  have  identified  two  Thai  plants-  with  impressive  arit  i  malarial 
activity.  Four  active  compounds  were  isolated  from  the  whole  fruit  of  Prucea  .lavanieu 
(L. )  Merr.  Two  of  these  compound:;  (B.l/A  arid  U.l/10  were  obtained  as  pure  crystals  in 
good  yield.  These  two  compounds,  showed  activity  in  vitro  against,  mult i -drug  resistant 
strains  of  P.  falciparum  comparable  to  that  observed  for  mefloquine  in  parallel  tests. 
The  structure  of  BJ/A  was  determined  as,  guassinoid  Lruceol  ido  -  hrueoine  A.  In  addition 
a  pure  compound  was  isolated  from  the  chloroform  extract  of  the  dry  root,  of  Plumbago 
indica  L.  This  compound  also  demonstrated  good  activity  against.  P.  falciparum.  The 
Plumbago  compound  has  the  structure  of  a  naphthoquinc.  At  present  3  other  plants  that, 
have  shown  antimalariul  activity  in  their  crude  extracts  are  undergoing  chemienl 
fractionation  for  continued  study.  Work  is  currently  underway  t.o  assess  the  mochnnism 
of  action  of  the  bruccolide  and  naphthoquinc  compounds.  These  are  the  first  studies  in 
Thailand  to  confirm  the  antimalarial  properties  of  Thai  medicinal  plants  used  in  the 
traditional  treatment  of  human  malaria.  For  technical  report,  see  Walter  Reed  Army 
Institute  of  Research  Progress;  Report,  1  Oct,  R;>  -  30  :’,cpt.  83. 
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Work  Unit 
Principal 


101:  Effects  of  Thai  Medicinal  Plant  Preparation  on  in  vitro 
Development  of  Plasmodium  falciparum 

Investigator:  MAJ  H.  K.  Webster,  MSC 


,\i lu.i i  i on  of  The i  Medicinal  Plant 


P  repo  rations  for  An  r.  in  a  la  ri  a  J  Ac  r  ivi  r.y 
A»a  Inst  Pru^  -  Resistant  S  r.  rn  ins  o; 
Plasmodium  falciparum 


PROBLEM:  Antimala  rial  drug  resistance  in  Thailand  is  a 

major  health  problem  that  continues  to  intensify.  There  is 
an  urgent,  need  to  identify  new  cm  pounds  effective  against 
malaria  parasites  resistant  to  chloroquine  and  to 
pyrimethanine-sulf onan ide  combinations.  Thai  medicinal 
plants  with  putative  anti-malarial  activity  offer  a  unique 
source  for  biological  and  chemical  study  to  elucidate  active 
anticialft  rial  compounds  for  use  against  drug-resistant  ?. 
falcipa nn .  Botanical  preparations  are  of  special  interest 
to  Thailand  because  they  represent  a  natural  resource  wir.1i 
considerable  economic  potential. 


PRCEP.Er.S :  L’e  have  identified  two  T.-.ai  plants  with 

impressive  antimalarial  activity.  Pour  active  ccnpounds  were 
isolated  from  the  whole  fruit  of  P.rucea  javanica  (L.)  1  is r r . 
Two  of  these  compounds  (EJ/A  and  HJ/B)  were  obtained  as  pure 
crystals  in  good  yield.  These  two  compounds  showed  activity 
in  vitro  against  multi-drug  resistant  strains  of  P. 
falcipa run  comparable  to  that  observed  for  -.mefloquine  in 
parallel  tests.  The  structure  of  EJ/A  was  dote  mined  as  a 
guassinoid  bruceolide  -  bruceine  A.  In  addition  a  pure 
compound  was  isolated  from  the  chlorofotm  extract  of  the  root 
of  Plumbago  indica  L.  This  compound  also  demonstrated  good 
activity  against  falcipa  rum  .  The  Plumbago  compound  has 
the  structure  of  a  naphthoquinone.  At  present  3  other  plants 
that  have  shown  antimalarial  activity  in  their  crude  extracts 
are  undergoing  chemical  fractionation  for  continued  study. 
Work  is  currently  underway  to  asess  the  mechanism  of  action 
of  the  bruceolide  and  naphthoouinine  compounds.  These  are 
the  first  studies  in  Thailand  to  confirm  the  antimalarial 
properties  of  Thai  medicinal  plants  used  in  the  traditional 
treatment  of  human  malaria. 

rUTJF.E  OBJECTIVES:  Tncse  studies  should  be  continued. 

Further  work  is  needed  to  complete  the  structural 
characterisation  of  r.he  bruceine  group  of  compounds.  Once 
structure  determination  and  isolation  procedures  have  been 
completed  in  vivo  studies  using  an  animal  malaria  model 
should  be  undertaken. 
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23.  (U)  To  develoo  radioimnunoa.-.s.iys  for  atropine  and  L-hyosryamine .  To  determine  the 
nharmacokin.  7 ics  and  tissue  distribution  of  atropine  and  its  active  form,  L-hyosc vamine 
in  animals.  To  determine  the  pharmacokinetics  of  atropine  and  L-hvosc vamine  in  humans. 
Atropine  is  the  single  most  important  drug  used  to  treat  casualties  from  exposure  to 
nerve  agents.  There  is  a  paucity  of  information  on  drug  metabolism  of  atropine  In  norma 
subjects,  and  no  Information  on  Its  fate  under  conditions  known  to  alter  an  individual's 
physiologic  response  to  the  drug.  There  is  no  Information  on  the  metabolism  of 
L-hyoseyamlne . 

2b. (U)  Sensitive  and  specific  radioimmunoassays  for  (a)  atropine  and  (b)  L-hyoscyamine 
will  be  used  After  either  i nt ramusctil ar  or  intravenous  administration,  drug  metabolism 
will  be  determined  in  animals  and  humans  by  measuring  drug  concentrations  for  kinetic 
analysis.  Tissue  concent  rat  ions  of  both  drugs  will  be  measured  fn  animals,  particularly. 

1th  rf'n.ct  to  the  legree  to  which  they  penetrate  the  hloo.i'br a  in  harrier. 

25. (U) . 8210-8309 ,  An  antibody  for  atropine  has  been  raised  in  rabbits.  A  highly  sensi¬ 
tive  rad lolnmunoassay  for  measurement  of  atropine  in  biologic  fluids  has  been  developed, 
sing  a  trltlated  tracer  of  high  specific  activity.  Detection  limit  of  the  assay  is 
15  pg.  This  assay  has  been  validated  for  use  in  seven  animal  species,  including  man.  A 
rotocol  has  been  written  for  determination  of  atropine  kinetics  in  norma]  humans,  and 
two  large  animal  protocols  are  currently  being  prepared.  For  technical  report  r.ee 
'•liter  Reed  Army  I  not  i  Vit"  of’  lev  ••iron  Aniiu-n  Frooc<  |><>rt  ,  1  '  et  to  nt  .<'p  fit. 
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Work  Uhit:  102  Pharmacokinetics  of  Atropine  and  L-hyoecyamine 
Investigators : 

Principal:  Robert  C.  Small  ridge,  LTC  MC 
Associate:  Pritaa  S.  Vcrma,  CPT,  MSC 
Nancy  E.  Whorton,  CS- 1 1 
Carolyn  Umstott,  CS-7 
Henry  Fein,  MAJ  MC 

Atropine  is  the  first-line  drug  used  to  treat  combat 
casualties  from  exposure  to  chemical  warfare  nerve  agents,  and  it 
Is  issued  Co  soldiers  in  auto-injectors.  There  is  considerable 
Information  about  the  physiologic  responses  to  selected  doses  of 
atropine  (1-4),  and  it  is  recognized  that  a  variety  of  independent 
variables  may  alter  one's  response  to  a  fixed  dose  (e.g. ,  extremes 
of  climate,  exercise,  co-administration  of  other  drugs,  protective 
garments).  However,  there  is  scant  information  on  the  absorption, 
distribution,  and  elimination  ot  atropine  in  normal  individuals 
(5-7),  and  no  studies  of  drug  metabolism  in  situations  which  might 
be  affecting  drug  metabolism.  It  is  quite  possible  that  the 
reason  why  a  specific  dose  ot  atropine  is  well  tolerated  under 
certain  conditions,  yet  can  physically  Incapacitate  a  soldier 
under  other  circumstances,  Is  due  to  alterations  in  the  metabolism 
of  the  drug.  To  assess  this  possibility,  and,  thence,  to 
determine  the  appropriate  dose  for  t rea t men t  unde r  given 
conditions,  knowledge  of  the  pha rmacok 1 ne t 1 cs  of  the  drug  is 
required.  This  information  is  currently  unavailable.  The 
objectives  ot  tills  Work  Ln i t  are  to:  (1)  develop  radioimmunoassays 
to  measure  small  quantities  of  atropine  and  L-hyoscyamine  (the 
active  component  ln  atropine)  in  blood,  urine,  and  tissues;  and 
(2)  determine  the  rates  ot  absorption  and  elimination  of  atropine 
from  the  body,  based  on  serial  blood  levels  of  atropine  after 
admi nl st  rat i on. 

This  was  a  new  Work  IHi  i  t  in  FYB3.  Progress  to  date  has  been 
primarily  the  development  of  a  highly  sensitive  radioimmunoassay 
for  atropine.  The  atropine  antibody  was  produced  in  the  following 
manner.  Atropine  was  conjugated  to  bovine  serum  albumin  by 
initially  conjugating  the  dlazotized  p-ami no-benzoic  acid  to 
atropine  and  then  forming  an  amide  linkage  between  the  amine 
groups  of  the  protein  and  the  carboxyl  group  ot  benzofc  acid. 

Four  male  New  Zealand  white  rabbits  were  immunized  with  this 
atropine-BSA  immunogen.  Tne  rabbits  were  tlrst  bled  two  months 
after  the  initial  immunization  procedure  and  antibodies  were 
detectable  at  that  time.  To  obtain  optimum  sensitivity,  the 
antibodies  generated  were  used  in  the  assay  at  a  final  dilution  of 
1:9000.  Pre-i mimin i za t l on  serum  tailed  to  bind  any  tritiated 
atropine.  The  standard  curve  is  linear  up  to  2  ng  of  atropine. 
Identical  standard  curves  we  re  obtained  using  human  plasma,  serum. 


urine,  or  phosphate-buf ie red  saline,  pH  7.5,  indicating  the  lack 
of  Interfering  substances  in  these  body  fluids.  The  assay 
reliably  detects  as  little  as  15  pg  of  atropine,  and  a  50% 
inhibition  of  binding  of  the  ^H-atropine  ligand  to  the  antibody  is 
attained  with  140  pg  of  atropine.  The  antibody  recognizes  both  L- 
and  D-  forms  of  the  drug,  the  L-  form  being  slightly  preferable. 
The  atropine  hydrolysis  products,  Topine  and  tropic  acid,  do  not 
cross-react  with  the  antibody.  The  interassay  and  intraassay 
coefficients  of  variation  are  13.5%  and  8.3%,  respectively,  and 
recoveries  range  from  94-102%.  Excellent  displacement  curves  and 
recoveries  have  been  documented  in  a  variety  of  species,  including 
man,  monkey,  dog,  cat,  sheep,  goat,  rabbit,  rat,  guinea  pig,  and 
chicken.  Thus,  the  assay  is  adaptable  tor  use  in  a  number  of 
animal  models. 

A  human  use  protocol  for  determination  of  atropine 
pharmacokinetics  in  normal  men  is  near  completion,  as  are  two 
animal  protocols.  .All  three  studies  should  he  conducted  in  KY84. 

Recommendations  for  the  future  first  involves  an  assessment 
of  atropine  and  L-hyo6cyami r.e  pharmacokinetics  in  normal 
situations.  This  should  be  followed  by  similar  studies  unue r 
conditions  known  to  alter  the  dynamic  responses  to  a  tixed  dose  of 
atropine.  From  these  studies  should  emerge  guidelines  for  optimum 
drug  dosages  under  a  variety  of  situations,  based  upon 
pharmacokinetic  principles. 
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23.  (U)  The  object  of  this  work  unit  is  to  study  the  fusion  and  diffusion  of 
receptors  of  cells  reconstituted  Into  phospholipid  bilaycrs  Introduced  to  other  cell 
types  as  studied  biochemically  or  by  fluorescence  microscopy.  There  Is  military 
relevance  In  this  research. 

24.  (U)  Research  focuses  on  the  characterization  and  Isolation  of  receptors  of 
cells.  The  receptors  studies  are  mainly  muscarinic  and  nicotinic  receptors  of  the 
following  cell  lines;  N4TGI  neuroblastoma  and  NG 108-1 5  neuroblastoma  x  glioma  hybrid 
cells.  After  initial  characterization  of  the  receptors  fn  the  cell  lines,  their 
Isolation  will  be  carried  out  from  either  the  cell  lines  or  brain  tissues.  The 
ultimate  goal  is  to  purify  and  reconstitute  the  receptors,  and  to  Introduce  the 
latter  into  phospholipid  bilayers.  For  example,  the  fusion  of  muscarinic  receptors 
into  a  noncholinerglc  cell  allows  the  testing  of  the  muscarinic  functions  in  that 
cell.  Whether  the  cell  with  new  receptors  Inserted  can  exhibit  muscarinic  functions 
will  be  tested  by  radioactive  ligand  binding  (such  as  (^HJQNB),  cyclic  GMP  coupling 
effect,  and  phosphatidyl  inositol  turnover.  Fluorescence  microscopy  will  also  be 
used  to  monitor  the  diffusion  and  t r.ins locar 1  on  of  receptors  into  cells. 

25.  (11)  83  01  -  83  03:  A  more  reliable  procedure  has  been  developed  to  assay  the 
muscarinic  receptors  of  N4TG1  neuroblastoma  cells  (^H)QNB  (pul nuc  1 1 d I nyl  benzllate) 
binding.  Compounds  structurally  related  to  QNB  have  been  tested  for  their  ability 

to  inhibit  the  binding  of  QNB,  and  minimal  binding  requirement?  have  been 

characterized.  :.-or  ■••il  •••  :  —  ••  :  . . 1  A :~y  it;.:*  i*  •>!  ••are:. 

Annual  Pro, res.:  ,  1  •/.:».  '  -  •  -  •  t  * 

Df~}  ••••  1  A  QQ  •*.*  *  oxj%  f  r  '  'u*  '  *  . . .  1  •  »  • 

U  U,  al  n  ,4  1  “  v  O  *»«'.'  «*A  «  '  wi«  m  »h'(  1  -M'  .*.»  *  *»  I  ’  •  '  •  •  1 

33 


PROJECT:  3A161 101A91C  BASIC  RESEARCH  ON  MILITARY  DISEASES 


WORK  UNIT:  103  Membrane  Fusion  and  Diffusion  of  Receptors  in  Cells 


INVESTIGATORS: 
Principal : 
Associate: 
Assistant : 


Peter  K.  Chiang,  Ph.D. 

Richard  K.  Gordon,  Ph.D.;  B.  P.  Doctor,  Ph.D. 
F.  Y.  Chang,  Ph.D.,;  SFC  Evelyn  Moore,  SP4 
Felipe  N.  Padilla;  Gregory  R.  Lattanze 


The  objective  of  this  work  unit  is  to  study,  characterize  and  isolate 
receptors  of  cells.  The  ultimate  goal  is  to  re-constitute  the  isolated 
receptors  into  lipid  bilayers  and  to  introduce  them  to  cell  types  lacking 
those  receptors  and  to  follow  the  fusion  and  diffusion  of  the  receptors  in 
the  host  cells.  The  following  investigations  were  conducted: 

Importance: 


1.  Mapping  the  muscarinic  receptors  of  N4TG1  neuroblastoma  cells. 

2.  Developing  an  assay  of  pipecolate  receptors,  which  may  be 
involved  in  the  anticonvulsion  of  animals. 

1 .  Mapping  of  the  muscarinic  receptors  of  N4TGI  neuroblastoma  cells : 

A  new  method  for  assaying  the  muscarinic  receptors  of  cells  has  been 
developed.  The  assay  involves  the  measurement  of  the  binding  of  radio¬ 
active  quinuclidiny 1  benzilate  (fJH]QNB)  to  the  muscarinic  receptors. 
Typically,  0.5  x  10°  cells,  representing  about  I  mg  of  protein,  were 
incubated  in  the  assay  medium  containing  2  nM  [JH]QNB.  After  20  min  of 
incubation  at  22°,  the  cells  were  layered  over  500  ul  of  silicone  oil 
(General  Electric  Versilube  F50)  in  an  Eppendorf  tube  and  pelleted  by 
centrifugation  for  30  sec  at  10,000xg.  After  removel  of  the  aqueous  (top) 
and  oil  (bottom)  layers,  the  cell  pellet  in  the  Eppendorf  tip  was  cut  off 
and  solubilized  in  1.0  ml  of  1%  Triton  X-100,  10  ml  of  scintillation 
fluid,  and  then  counted.  This  method  is  far  superior  to  the  conventional 
method  using  filters,  in  having  workable  lower  blanks. 

3  3 

By  Scatchard  plot  analysis  of  [  HJQNB  binding,  there  are  2  x  10 

muscarinic  sites/cell  with  a  Kj  of  about  10  nM  in  both  the  N4TG1  neuro¬ 
blastoma  cells,  and  the  NG108-15  neuroblastoma  x  glioma  hybrid  cells.  A 
group  of  compounds  structurally  related  to  QNB  have  been  examined  for 
their  ability  to  cmpete  for  binding  to  the  muscarinic  receptors.  Using 
this  structure-inhibition  relationship,  the  functional  groups  of  the 
muscarinic  ligands  necessary  for  binding  were  partially  characterized.  It 
was  found  that  the  ouinuclidinyl  ring  structure  of  QNB  can  be  substituted 
by  either  alkane,  H,  or  pyrrolidine  at  the  N  without  loosing  their  ability 
to  bind.  Additions  to  the  quinuclidinyl  ring  increases  the  bulk  of  the 
structure  and  decreases  binding.  The  diphenyl  portion  can  be  replaced  by 
quinidines  or  tricyclic  structures,  and  still  retain  inhibitory 
activity.  Like  the  benzilate  in  QNB,  a  similar  hydrophobic  structure  is 
apparently  required  for  the  binding. 
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2 .  Identification  and  Characterization  of  the  Pipecolate  Receptors: 

Convulsant  and  anticonvulsant  drug  binding  sites  are  believed  to  be 
related  to  GA3A-regulated  chloride  ion  channels.  Based  on  in  vivo 
observation  of  the  anticonvulsant  activity  of  lysine  and  its  metabolites 
against  pentylenetetrazole-  and  picrotoxin-  induced  convulsion,  it  was 
speculated  that  lysine  metabolites  may  exert  their  anticonvulsant  effect 
through  the  chloride  ion  channels,  which  may  be  either  associated  with  or 
distinct  from  the  GABAergic  neurotransmmission. 

Effects  have  been  devoted  mainly  to  the  development  of  an  acceptable 
assay  technique  for  the  binding  of  DL- [ ] pipecolic  acid,  which  is  a 
lysine  metabolite,  to  the  rat  cerebral  cortex  and  synaptic  membranes.  Due 
to  the  high  non-specific  binding  of  this  labeled  metabolite  to  the  glass 
fiber  filter  and  other  types  of  membrane  filters,  an  alternative  assay 
method  was  developed  instead.  This  is  based  on  the  adaption  of  the  cen¬ 
trifugation  technique  described  for  the  muscarinic  receptors,  as  described 
in  the  previous  paragraph. 

Preliminary  results  suggest  that  there  is  a  specific  binding  of  [^H] 
pipecolic  acid  to  the  synaptic  membranes,  even  though  there  is  a  high  non¬ 
specific  binding.  Attempts  to  solubilize  the  receptor  protein  from  the 
membrane  preparations  are  now  underway. 

PUBLICATOHS 

Chang,  F.  -Y . ,  Lattanze,  G.  R.,  Carroll,  F.  I.,  Gordon,  R.  K.,  and  Chiang, 
P.  K.  (1983)  Mapping  of  muscarinic  receptors  of  N4TG1  Neuroblastoma 
Cells.  The  Pharmacologist  25,  256. 
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23.  (IJ)  The  technical  objective  is  to  produce  hybrid  cell  lines  which  secrete  mono¬ 
clonal  antibodies  by  use  of  cell  fusion  techniques  in  the  mouse-mouse  liybridizat  ion 
system.  Antigens  include  viruses,  bacterial  l.l’S  antigens,  toxins,  enzymes,  macrophage 
suppressor  factors  and  peptides.  Thor--  i.'  mi  1  i •  i  ■•./  ?-<•!<*  vin.-f  in  this  research . 

24.  (U)  Spleen  cells  will  be  exposed  to  antigens  either  in  vivo  or  in  vitro  and  sub¬ 
sequently  fused  with  mouse  plasmacytoma  ceils.  Fused  cell  products  will  be  screened 
for  production  of  antibodies  and  selected  for  cloning  and  further  characterization 

on  the  basis  of  their  reactivity  on  serological  and  biochemical  tests. 

25.  (U)  82  10  -  83  09.  Antibodies  against  a  mixture  of  (17  +  13)s,  11s,  and  5.6s 
forms  of  acetyl  cholinesterase  have  been  isolated.  One  antibody  exhibits  preferential 
binding  for  the  5.6s  scecies,  while  another  appears  to  be  directed  against  the  collagen 
like  tail  of  (17  +  Ij)j  form.  Monoclonal  antibodies  prepared  against  the  four  proto¬ 
type  strains  of  dengue  have  been  used  to  define  epitopes  on  the  dengue  -  2  virion. 
Monoclonal  antibodies  prepared  aginst  dengue  -  4  virus  have  identified  a  new  subtype  of 
this  virus  isolated  from  a  recent  Carribean  epidemic.  For  technical  report  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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PROJECT:  3A161101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


WORK  UNIT:  104  Development  of  Monoc lonal  Antibody  Producing  Hybridomas 


INVESTIGATORS: 

Principle:  Peter  Gemski,  Ph.D. 

Associates:  Mary  K.  Gentry,  M.S.;  SP4  Karla  K.  Kopec,  B.S. 


In  collaboration  with:  W.E.  Brandt,  Ph.D.  (DCD  4  I);  B.P.  Doctor,  Ph.D; 

CPT  E.A.  Henchal ,  Ph.Dj.,  MSC  (DCD  &  I) 


DESCRIPTION: 

I 

! 

The  development  of  hybridoma  cell  lines  which  produce  monoclonal  anti¬ 
bodies  to  different  antigens  of  importance  to  the  military  provides  an 
excellent  source  of  monospecific  antibody  reagents  required  for  the 
improved  rapid  detection  and  control  of  infectious  agents  which  affect 
military  personnel  operating  in  areas  of  poor  sanitation.  Also,  antigens 
and  virulence  determinants  of  importance  to  pathogeneses  can  be  recognized 
and  characterized  by  use  of  these  tailor-made  monoclonal  antibody  prepa¬ 
rations.  The  investigation  of  host  antibody  responses  to  such  microbial 
antigens  provides  important  basic  information  heeded  to  facilitate  devel¬ 
opment  of  new  synthetic  vaccines  of  military  relevance. 

A.  Monoclonal  Antibodies  to  Dengue  Virus 

1 .  Antigenic  and  Biological  Variation  Occuring  Aaong  Dengue  Type  4 
Viruses.  i 

-  I 

A  new  subtype  of  dengue  type  4  (DEN-4)  virus  vas  identified  among 
dengue  isolates  obtained  during  the  1981-1982  epidemic  season  in  the 
Caribbean.  Sixteen  isolates  were  identified  as  DEN-4  virus  in  a  com¬ 
plement  fixation  test  by  the  Caribbean  Epidemidlogic  Centre  (Trinidad). 

We  also  identified  the  isolates  as  DEN-4  virus  by  an  indirect  immuno¬ 
fluorescence  assay  using  non-neutralizing  serotype-specific  monoclonal 
antibodies.  However,  cross  neutralization  assays  (NA)  showed  that  while 
hyperimmune  fluids  prepared  against  mouse  adapted  Caribbean  DEN-4  virus 
neutralized  both  the  prototype  (H241)  and  Caribbean  viruses,  reference 
antibodies  to  the  H241  virus  neu-tralized  homologous  virus  to  a  higher 
titer.  Both  antibody  preparations  were  able  to  neurtralize  a  variety  of 
1973-1980  DEN-4  virus  isolates  from  the  South  Pacific.  This  new  virus 
strain  induces  higher  virus  yields  (2-3  log^g)  in  misauito  cell  culture 
and  suckling  mouse  brain,  and  produces  plaques  on  LLC-MK2  (monkey  kidney) 
cell  monolayers  twice  the  diameter  of  the  prototype.  The  results  of  this 
study  suggest  that  the  Caribbean  DEN-4  may  be  a  better  reference  strain. 
With  no  other  assay  for  detection  of  variation  in  the  neutralization 
determinant,  the  NA  remains  the  sole  method  for  identifying  antigenic 
variations  of  public  health  significance. 
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B.  Monoclonal  Antibodies  to  Acetylcholinesterase 


1 .  Evidence  for  Structural  and  Antigenic  Differences  between 

Hydrophobic  Dimer  and  Asymmetric  Forms  of  Acetylcholinesterase 
Torpedo  Californica . 

Acetylcholinesterase  is  found  in  two  molecular  forms:  5.6S  hydro- 
phobic  species,  a  simple  dimer  of  catalytic  subunits,  and  (17  +  13)S,  an 
asymmetric  form  in  which  several  catalytic  subunits  are  linked  to 
collagenous  and  non-collagenous  structural  subunits.  Treatment  of  the  (17 
+  13)S  species  with  trypsin  removes  the  structural  subunits  yielding  an 
11S  species.  Monoclonal  antibodies  against  the  (17  +  13)S,  1  IS  and  5.6S 
forms  have  been  isolated  and  purified.  Of  the  eleven  antibodies,  one 
(4E7)  shows  an  80-fold  more  binding  to  the  5.6S  species  than  other 
species.  This  difference  is  retained  following  denaturation .  A  second 
antibody  (4F3)  reacts  only  with  (17  +  13)S  species  and  appears  to  be 
directed  to  the  collagenous  subunit.  Using  HPLC,  all  the  tryptic  peptides 
obtained  from  the  catalytic  subunits  of  the  IIS  and  5.6S  enzymes  have  been 
separated.  Comparison  of  the  two  maps  shows  at  least  4  different  pep¬ 
tides.  The  active  site  peptide,  the  cystine-containing  peptides  and  some 
of  the  glycopept ides  have  been  identified  by  radioactive  labeling  and 
lectin  chromatography.  Our  findings  demonstrate  that  the  catalytic  sub¬ 
units  of  the  11S  and  5.6S  species  show  antigenic  and  structural  dif¬ 
ferences  . 


Publications : 


1.  B.  P.  Doctor,  Shelly  Camp,  Mary  Kay  Gentry,  Susan  S.  Taylor,  and 
Palmer  Taylor:  Antigenic  and  structural  differences  in  the  catalytic 
subunits  of  the  molecular  forms  of  acetylcholinesterase.  Proc.  Mat.  Acad. 
Sci.  USA,  80  5767-5771,  1983. 

2.  B.  P.  Doctor,  Shelly  Camp,  Mary  K.  Gentry,  Susan  S.  Taylor,  and 

Palmer  Taylor:  Evidence  for  structural  and  antigenic  differences  between 
hydrophobic  dimer  and  asymmetric  forms  of  acetylcholinesterase  from 
Torpedo  Californica.  Federation  Proceedings,  42 :  2024,  1983 

3.  E.  A.  Henchal,  J.  M.  McCown,  W.  E.  Brandt,  and  M.  K.  Gentry: 

Antigenic  and  biological  variation  occuring  among  Dengue  type  4  viruses. 
Abstracts  of  the  Annual  Meeting  of  the  American  Society  for  Microbiology, 
1983,  p.  306. 
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23.  (U)  To  continue  ongoing  studies  to  evaluate  the  role  of  endogenous  and  exogenous 
neuromodulators  in  performance,  fatigue,  and  sleep.  Stimulant  drugs  which  are  presently  available 
(e.g.  amphetamine)  have  the  adverse  consequence  of  severely  impairing  judgement  while  provi rii ng 
their  stimulant  effects.  Insights  into  the  body's  own  systems  for  producing  arousal,  sleep,  and 
other  behaviors  relating  to  vigilance  and  performance  have  suggested  the  use  of  novel  substances 
which  may  act  either  directly  or  indirectly  to  enhance  endogenous  stimulants  and  depress 
endogenous  sedatives  and  thus  improve  battlefield  performance. 

24.  (U)  Experimental  animals  will  be  entrained  on  an  eight  arm  maze,  and  performance  will  be 
assessed  with  and  without  prior  pharmacological  treatment.  This  general  paradigm  will  be 
complemented  with  direct  analysis  of  locomotor  activity.  Established  drugs  and  treatments 
[including  amphetamine,  thyrotropin  releasing  hormone  (TRM),  prochlorperizine  and  the  application 
of  electroconvulsive  shock  (ECS))  will  be  employed  alone  and  in  combination.  Depending  upon 
results,  descriminative  operant  tasks  will  be  evaluated  to  compare  stereotypic  responses  relative 
to  general  stimulant  actions.  Correlations  among  behavioral  findings,  analysis  of  biochemical 
substances  and  assay  of  receptor  changes  will  allow  for  interactive  evaluations  with  the  hope  of 
determining  cause  and  effect.  Additionally,  recent  acquisition  of  equipment  enables  direct 
comparisons  of  electroencephalographic  responses  to  these  substances. 

25.  (U)  82  10  -  83  09  Electroconvulsive  shock  (ECS)  was  shown  to  act  ivate  endogenous  opiates 

whose  actions  are  mediated  via  delta  receptors;  a  selective  increase  in  delta  opioid  receptor 
numbers  was  shown.  At  present,  specific  brain  regions  involved,  as  well  as  general  neuroendocrine 
responses  to  ECS  are  under  analysis.  Other  selective  opioid  peptides  were  shown  to  interact  with 
brain  arousal  by  altering  seizure  susceptibility.  T  R II,  an  excitatory  neuropeptide  found  in  the 
brain,  has  stimulant  properties  which  increased  locomotor  activity  and,  unlike  amphetamine,  did 
not  alter  correct  responses.  For  technical  report  see  Walter  Reed  Army  Institute  of  Reser«ch 
Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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PROJECT:  3A161101A91C  IN-HOUSE  LABORATORY  INDEPENDENT 

RESEARCH 

WORK  UNIT:  105  Neuropharm acolcqy  of  Perform ance  and  Fatigue 
INVESTIGATORS: 

Principal:  Belenky,  G.L.,  L  T  C  MC 

Associates:  Holaday,  J.W.,  GM-lSand  Tortella,  F.C.,  GS-12 

Assistants:  Robles,  Lydv,  SPb  and  Cardenales,  Lysaida,  SP5 


Problem: 

To  derive  an  understanding  of  the  mechanisms,  by  which  endogenous 
and  exogenous  neuro modulators  regulate  performance,  •  and  .sleep 

through  complementary  behavioral,  biochemical  and 

electroenceohalographic  studies  in  rodents.  Such  information  will  enable 
novel  approaches  to  the  development  of  neuroph ir m a •.•;•:<>>•  i vu J  agents 
which  will  relv  on  m anipulations  of  endogenous  bicchemicals  to  enhance 
performance,  diminish  fatigue  and  prevent  sleep. 

Im  portance: 

Stimulant 'drugs  which  3re  presently  availaole  (e.o.  amphetamine  and 
related  substances)  have  the  adverse  conseouehce  of  impairing  judgement. 
Thus,  their  utility  as  stimulants  in  military  and  non-military  applications  is 
severely  limited.  If  insiohts  into  the  body's  own  systems  for  producing 
arousal,  sleeo,  and  other  behav’ors  relatinq  to  vigilance  and  performance 
are  elucidated,  it  may  be  possible  to  enhance  substances  which  elicit 
arousal  or,  conversely,  to  soecificiallv  inhibit  those  substances  which  have 
sedative  properties.  Even  without  the  demonstration  of  endogenous 
involvement,  the  testinq  of  various  novel  combinations  of  old  drugs  as  well 
as  neuropeptides  which  have  recently  become  available  may  provide 
pharm acological  tools  hy  which  to  improve  performance,  decrease  fatigue, 
and  delay  sleep  while  minimizing  adverse  side  effects. 

Approaches: 


Prior  work  has  involved  evaluation  of  performance  of  an  eiaht-arm 
maze  to  include  speed  and  accuracy;  and  complementary  experiments  are 
directed  at  analysis  of  locomotor  activity  as  another  index  of  stimulant 
effects.  Both  of  these  experimental  procedures  are  evaluated  prior  to  and 
following  administration  of  substances  -  amphetamine,  prochlorperizine, 
TRH,  cholecystokinin  and  opioids  -  which  may  be  linked  to  states  of 
arousal.  Discriminatory  operant  tasks  will  compare  stereotypic  responses 
and  relate  them  to  these  various  stimulant  actions.  In  addition  to  drug 
administration,  studies  with  piectroconvulsive  shock  (ECS)  as  a  model  of 
stress-induced  alteration  of  performance  and  vigilance  will  be  continued. 
Biochemical  experiments  are  planned  to  determine  possible  mechanisms  by 
which  endogenous  systems  regulate  behavior  to  include  assaying  brain  and 
plasma  concentrations  of  neuropeptide  substances,  as  well  as  changes  in 
receptor  numbers  and  affinities  for  various  endogenous  ligands  (e.g.  opioid 
peptides,  TRH,  etc.).  In  addition,  recently  acquired  equipment  will  allow 


ai : 


for  a  direct  measure  meet  of  electroencephalographic  responses  during 
these  experiments.  These  pharmacological,  behavioral,  and 
electroencephalographic  approaches  will  make  It  possible  to  elucidate 
fundamental  neuropharmacologlcal  mechanisms  underlying  performance, 
fatigue,  and  sleep  in  rats  with  the  hope  of  extrapolating  results  to  the 
cllnclal  domain. 


Results: 


Prior  work  has  shown  that  thyrotropin-releasing  hormone  (TRH),  a 
neuropeptide  with  stimulant  properties,  failed  to  alter  mare  running  time 
or  accuracy  in  contrast  to  amphetamine,  which  decreased  the  number  of 
correct  responses.  Additional  studies  <n  rats  demonstrated  that  the 
endogenous  narcotics  (the  endorphins)  were  significantly  activated  by 
electroconvulsive  shock,  and  increase  in  numbers  of  delta  opioid  receptors 
was  shown.  The  involvement  specific  brain  regions  in  this  response  is 
currently  being  analyzed.  Other  selective  opioid  peptides  were  shown  to 
Interact  with  brain  arousal  by  altering  seizure  susceptibility.  The  studies 
provide  potentially  novel  stimulant  drugs,  namely  TRH  and  opiate 
antagonists,  which  will  be  further  evalutated  along  with  other  potentially 
useful  substances  in  paradigms  as  outlined  above. 
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Project  3  A  1  h  I  10 1 A9 1 C  :  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


Work  Unit  106  Red  Blood  Celt  Metabolism 

Invest lgators  LTC  June  Whaun,  MC;  Dr.  Nesbitt  Brown,  GS-13  (Div.  of 

Biochemistry) ; 

Description 

The  goal  of  this  work  unit  is  to  study  the  intermediary  metabolism  ot 
normal  red  blood  cells  (RBC)  and  of  red  blood  cells  that  have  been  infected 
with  malaria  parasites.  Malaria  is  a  major  world  health  problem  that  is  of 
particular  importance  to  the  military.  The  stationing  of  I'.a.  military 
personnel  in  areas  that  are  endemic  for  malaria  (essentially  all  tropical  and 
subtropical  regions  of  the  world)  poses  a  serious  threat  to  the  health  ot 
individual  soldiers  and  to  tact ica l /s t rategi c  unit  preparedness .  The 
emergence  of  drug  resistant  strains  of  malaria  (especially  P. falciparum) 
significantly  compounds  the  medical  problem  of  malaria,  and  there  is  a 
consequent  need  for  novel  approaches  to  the  development  of  new  antimalaria  1 
chemotherapies  that  are  effective  against  resistant  strains.  Purine 
metabolism  is  an  appropriate  focus  for  studies  of  host-parasite  interactions 
which  occur  in  malaria  infected  red  blood  cells,  tor  purines  are  essential  to 
the  svnthesis  of  nucleic  acids,  proteins  and  folates  as  well  as  to  energy 
metabolism  (ATP),  en/vme  co-factors  and  r. c u ! a t urs  at  intermediary  metabolism 
that  are  critical  both  tor  normal  KHC  I -nut.  on  and  for  parasite 
differentiation  and  proliferation,  nur  objectives  are  to  define  the  major 
pathways  of  purine  metabolism  in  human  KH<  infected  with  malaria 
( P . f  a  Ic i pa rum )  using  novel  in  v 1 1  r q  RHC  culture  techniques,  to  determine 
whether  there  are  parasite  specific  put hwavs  of  purine  metabolism,  whether 
P . fa  1 c 1  pa  rum  is  capable  ot  any  de  novo  purine  synthesis  under  conditions  ot 
continuous  1 n  vitro  RKf  culture,  whether  speiitic  inhibitors  of  purine 

metabolism  can  be  . . .  ’  ■>  interfere  with  the  gtowth  and  development  of  drug- 

resistant  m  1 2 3  i  a  i  i  i  strains,  and  whether  there  ate  d  i  t  t  e  renews  at  purine 
metabolism  in  drtn -res  i  st ant  and  d rug- sens i t i ve  strains  ot  P. t  a  Lclparum ,  and 
to  evaluate  the  biochemical  effects  ot  malaria  infection  upon  nost  KBC  and  its 
implications  tor  host  defenses.  Similar  f.ieus  has  been  given  to  pyrimidine 
metabolism  and  to  polvumiee  "et  ihnljss;i  io  the  malarious  red  ceil. 


Progress 


J  v  .•••!  .  <  •  i  e  t  :■<  .>«•!•<  .  .1  Hematologv,  WKAIR,  various 

. . .  .  ,  .  ;-.i  r  1  w  ;  fed-.  ,nt  t  .i  r  mi  cells,  Nq  h  with  and  without 

i  nt  r  tee  I  lu  I  ur  mu  !  iti  a  parasites  have  j  i-,.q  ; 

1.  Studies  on  oolvamines  and  enzymes  of  the  polyamine  biosynthetic 
pathways,  such  as  ornifhtne  decarboxylase,  the  first  enzyme  for 
biosynthesis  ot  polvamines; 

2.  Studies  on  purines  and  salvage  synthesis  pathways  of  purines; 

3.  Studies  on  methylation  pathways,  metabolffes  and  enzymes. 


These  have  beer,  studied  with  the  use  of  appropriate  metabolic 
inhibitors.  Logistical  considerations  have  required  collaborative 
work  with  scientists  at  WRAIR  in  Div.  of  Experimental  Therapeutics 
and  Div.  of  Biochemistry  as  well  as.  scier^ists  in  other  institutions, 
(Sloan-Kettering  Institute,  NYC). 

Studies  on  polyamines  have  beer  undertaken  with  N.D.  Brown,  of 
the  Div.  of  Biochemistry.  Dansylated  deproteinized  extracts  have 
been  analyzed  by  an  ultrasensitive  automated  HPLC  method.  Ornithine 
decarboxylase  has  been  measured  by  the  amount  of  labelled  trapped 
radioactive  carbon  dioxide  formed  from  1-  UC  -ornithine.  Purine 
nucleotides,  nucleosides  and  bases  have  been  determined  by  analysis 
of  deproteinized,  neutralized  biological  extracts  by  HPLC.  Salvage 
synthesis  enzymes  have  been  determined  in  collaboration  with  M.E. 
Balls  and  L.  Yip,  Dept,  of  Biochemistry,  Sloan-Kettering  Institute, 
NYC.  Studies  of  the  methyl3ticn  pathways,  both  metabolites  and 
enzymes,  have  been  done  in  collaboration  with  Dr.  Peter  Chiang  at 
WRAIR.  Specifically,  he  has  helped  in  the  analysis  of  S- 
adenosylmethionine  decarboxylase  levels.  We  have  measured  the 
activity  of  cethy lthioadencsine  phosphory lase ,  the  enzyme  which 
catabolizes  methy 1th ioadenosi ne ,  by  a  modified  spectrophotometric 
method  of  Pegg  and  Wil 1 iams-Ashman ,  (Biochem.  Pharmacol.  30:189-199 
(198H  . 

Examination  of  selective  new  chemotherapeutic  agents  has  been  to 
determine  their  efficacy  as  antimal arial3  and  their  mode  of  action. 
Methy lation  inhibitors  in  particular  appear  to  offer  a  chance  for 
selectively  targetted  chemotherapy  in  the  malaria-infected  red  cell 
in  vitro  system,  that  we  are  using  for  study. 

Specific  observations  include: 

1.  The  combination  of  ornithine  decarboxylase  inhibitor,  difluoromethyl- 
omithine  and  an  S-adenosv  Imeth  ion  i  ne  decarboxylase  inhibitor, 

methy lglvoxa 1  bisf guanv lhydrazonel  ,  a  spermidine  analogue,  is  effective  in 
perturbing  polyamine  metabolism  and  parasite  growth  in  vitro.  This 
combination  inhibited  spermine  production  as  well  as  spermidine  levels 
30t ,  while  inhibiting  parasite  growth  75? •  Further  in  vivo  studies  are 
planned  with  Div.  of  Experimental  Therapeutics  regarding  this  novel  drug 
combination . 

2.  The  known  antimetabolite,  hcmoharri ngton ine  1  NSC- 1 U 1633 )  is  an 
effective  ant ima labial  in  vitro  against  three  strains  of  P.  falciparum 
with  no  cross  resistance  chloroquine.  This  agent,  a  large  heterocyclic 
molecule,  is  an  inhibitor  of  protein  synthesis,  and  has  a  history  in 
herbal  folk  medicine  as  an  ant i -1 euk»mi c  agent.  Its  range  of  action 
against  strains  FCR- 3/Gamb ia ,  Smith/V ietnam ,  and  Camp/Malav  was  1.89, 

1 .4? ,  and  1.35  ng/ml,  respectively.  This  is  similar  in  dose  to  the 
effective  dose  of  chloroquine  against  sensitive  strains  of  P.  falciparum. 

3.  We  have  examined  novel  inhibitors  of  met.hylation  pathways,  adenosine 
analogues,  5 ' -deoxy-B ' - i sohutvl thio-3-adenosine  (SIBA1  and  3-deaza-SIBA  . 
These  drugs  perturb  polyamine  biosynthesis  and  purine  metabolism  and 
Inhibit  para.site  growth  °bt  at  0.3  mM  for  SIBA,  and  1^%  at  0.1  mM  for 


deaza-SIBA.  Very  high  spermidine  levels  were  found  with  both  drugs  which 
were  reversible  with  micromolar  concentrations  of  hypoxanthine . 
Hypoxanthine  at  that  dose  appeared  to  reverse  toxicity  which  was 
characterized  morphologically  by  pyknosis  of  nuclei  and  arrest  at  the  ring 
stage  of  the  intracellular  parasite.  These  findings  are  currently  being 
investigated  through  HPLC  examination  methylation  metabolites. 

S-adenosylmethionine  decarboxylase  levels  have  been  assayed  and  were 
decreased  —  59 1>  residual  activity  with  deaza-SIBA,  0.2  mM,  and  75J 
residual  activity  with  SIBA,  0.1.  mM.  In  addition,  parasitized 
erythrocytes  exposed  to  drug  showed  pronounced  echinocyte  formation  which 
suggested  disturbed  adenine  nucleotide  levels.  Further  studies  are 
ongoing  as  to  the  nature  of  these  changes  in  the  RBC,  and  on  the  effect  of 
SIBA  metabolites  on  methylation  reactions. 


Future  Plan3 

Work  will  continue  along  the  lines  of  research  carried  out  during  the 
past  3  years  in  this  work  unit  with  a  basic  goal  of  continuing  to  identify 
metabolic  targets  in  the  malaria-infected  RBC  for  design  of  new  antimalarial 
chemotherapy  and  to  explore  the  link  between  polyamine  synthesis1  and  turnover, 
purine  metabolism  and  methylation  reactions  in  regulating  the  growth  and 
differentiation  of  Plasmodia  within  the  human  RBC  host. 


Abstracts 

1.  Whaun ,  J.M.,  Brown,  N.D.  and  Webster,  H.K.:  Studies  of  host-parasite 
interaction  identify  biochemical  pathways  for  chemotherapy  targets.  J. 
Cell.  Biochem.  sucol.  7A.  12th  Annual  UCLA  Symposia  "Molecular  Biology 
of  Host-Parasite  Interaction",  Park  City,  UT,  p.  17,  1983. 

2.  Whaun,  J.M.,  Brown ,  N.D.,  and  Chiang,  P.K.:  Antimalarial  activity  of 
methylation  inhibitors.  R6th  annual  meeting  of  the  Society  of 
Protozoologists,  Hew  York,  p.  30,  1?83 . 

3.  Whaun,  J.M.,  Brown,  N.D.  and  Chiang,  P.K.:  Methylation  inhibitors  in 
malaria.  6th  International  Conference  on  Red  Cell  Metabolism  and 
Function,  Ann  Arbor,  Michigan,  1087. 

Publication 

1.  Whaun,  J.M.,  Rittershaus,  C.  and  Ip,  S.H.C.:  Rapid  identification  and 
detection  of  parasitized  human  red  cells  by  automated  flow  cytometry. 
Cytometry,  in  press. 

2.  Whaun,  J.M.  and  Clarke,  H.  deC:  Daunomycin  and  its  effect  on  platelets  _i_n 
vitro.  In  review.  (Cancer  Chemotherapy  and  Pharmacology). 


3.  Whaun,  J.M.:  The  effects  of  aspirin-containing  serum  in  the  continuous 
culture  of  P.  falciparum.  In  review.  (J.  Protozoology). 

4.  Whaun,  J.M.  and  Brown,  N.D.:  Ornithine  decarboxylase  inhibition  and  the 
malaria-infected  red  cell:  a  model  for  polyamine  metabolism  and  growth. 
In  review. 
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23.  (u)  Recent  data  on  combat  stress  casualties  among  Israeli  troops  in  Lebanon 
have  confirmed  the  WV  II  finding  that  the  single  meet  critical  element  in  the 
prevention  and  management  of  these  casualties  is  the  quality  of  interpersonal 
relations  in  the  face-to-face  work  groups.  This  work  unit  investigates  the  way  in 
which  NCOS,  the  central  figures  in  the  creation  and  maintenance  of  this  work  group 
climate,  come  to  learn  their  role  in  the  process. 

24.  (U)  The  method  is  that  of  the  oral  historian:  recording  career  histories  of 
senior  non-commissioned  officers.  Through  recall  of  concrete  events  and  actual 
people,  a  data  base  can  be  established  focusinrr  on  what  NCOs  at  various  levels 
actually  do,  what  aspects  of  those  activities  can  be  learned  in  school,  and  how  do 
they  develop  and  apply  standards  of  conduct,  discipline,  and  morale  in  actual 
practice. 
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23(U)  The  primary  objective  is  to  study  means  to  augment  the  absorptive  area  of  the 
small  intestine  to  provide  nutrition  for  individuals  with  "short  gut  syndrome." 

Currently  if  the  small  bowel  is  lose  secondary  to  trauma,  internal  hernia  or  diseases 
such  as  Crohn's  disease,  enteral  nutrition  is  impossible.  Such  patients  must  be  main¬ 
tained  forever  on  intravenous  infusion  pumps  which  limits  activity,  is  expensive  and 
difficult  and  sometimes  technically  impossible.  There  is  military  relevance  in  this 
research . 

24(U)  The  approach  will  be  to  transplant  Intestine  from  fetal  Fisher  rats  into  the  sub¬ 
cutaneous  space  of  adult  Fisher  rats.  Such  intestine  becomes  vascularized,  enlarges,  anc^ 
may  develop  functions  of  normal  intestine. 


25  (U) 


None  . 
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23.  (U)  The  objective  of  this  work  unit  is  to  study  the  role  of  inhibitors  of  methyla¬ 

tion  reactions  as  potential  therapeutic  agents:  in  viral,  parasitic  infection  and  as 
inducers  of  cellular  differentiation.  There  is  military  relevance  in  this  research. 

2A .  (U)  The  potential  chemicals  to  be  screened  for  their  ability  to  inhibit  methyla¬ 

tion  are  nucleosides;  specifically,  nucleosides  that  are  potenc  inhibitors  of  S-adeno- 
sy lhomocysteine  hydrolase.  Nucleosides  that  are  potent  inhibitors  and/or  alternative 
substrates  of  S-adenosylhomocysteine  hydrolase  uill  be  screened  for  their  ability  to 
raise  the  cellular  level  of  S-adenosylhomocysteine  and/or  S-nucleosidylhomocysteine . 

In  the  event  of  the  latter,  S-adenosylmethionine  will  also  be  increased  as  a  consequence 
of  the  inhibition  of  methylation  reactions  caused  by  the  appearance  of  large  amounts  of 
S-adenosylhomocysteine  and  S-nucleosidylhomocysceine .  The  changes  in  the  cellular 
levels  of  these  metabolites  will  be  analyzed  by  high  pressure  liquid  chromatography. 

The  specific  biological  targets  to  be  looked  at  will  be  viruses,  Plasmodium  cultures 
amd  cell  lines  that  can  be  induced  to  undergo  differentiation.  The  cell  lines  to  be 
examined  are  3T3-L1  fibroblasts  chat  can  under  differentiation  to  become  fat  cells, 
and  HL-60,  which  are  human  promyelocycic  leukemia  cells  chat  can  differentiate  inco 
more  mature  granulocyte-like  cells.  Correlative  changes  in  DNA  methylation,  RNrt 
methylation,  lipid  methylation,  and  protein  methylation  will  be  studied. 

25.  ( U )  New  . 
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23.  (U)  The  objective  of  this  project  is  to  elucidate  antigenic  determinants  of 
infleclous  agents  and  other  macromolecules  against  which  monoclonal  antibodies  are 
directed  so  that  synthetic  peptide  vaccines  can  be  produced  and  cested  for 
bioefficacy.  There  is  military  relevance  in  thin  research . 

24.  ( U )  Monoclonal  antibody  3gainst  peptide  or  protein  antigens  will  be  generated 
by  accepted  techniques.  Those  antigens  which  are  difficult  to  obtain  In  sufficient 
quantities  will  be  used  in  Tn  Vitro  immunisation  techniques  using  serum  free  media.  • 
The  hybrid  cells  will  be  grown  ana  the  antibody  secreted  in  culture  media  will  be 
purified.  The  purified  antibody  will  be  coupled  to  Protein  A  sepharose  using 
Sublimate  reagent.  The  stable  solid  support  ant ihody  thus  obtained  is  known  to  have 
Fab  region  free  on  its  surface  to  bind  with  the  vp-tci f ic  antigenic  sites  that  it 
recognizes.  The  protein  antigens  will  be  digested  with  trypsin  or  chy mot ryps In . 

One  half  of  this  proteolytic  digest  will  be  subjected  to  HPLC  to  obtain  peptide 
maps.  The  other  half  will  be  applied  to  protein  A  sepha rose-an t i body  solid 
support.  The  effluent  from  this  chromatography  will  be  subjected  to  HPLC  to  obtain 
the  differential  peptide  maps.  The  missing  peptide  peaks  in  the  second  nap  will  be 
isolated  from  original  HPLC  nap  of  proteolytic  digest.  These  peptides  will  be 
sequenced.  A  series  of  peptides  containing  various  combinations  will  be  synthesized 
and  tested  for  their  antigenic  property  and  eventually  for  its  protective  activity. 
25  (U)  New. 
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23.  (U)  The  objective  is  to  study  the  chromosomal  and  plasmid  genes  controll 

lence  determinants  of  enteric  pathogens  and  to  alter  by  genetic  manipulation 
lence  factors  so  as  to  define  their  role  in  patho-physiological  and  invasive 
diseases  and  to  develop  attenuated  v. .cities  and  improved  methods  to  prevent  a 
enteric  disease  in  military  personnel  operating  in  areas  of  poor  sanitation. 
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24.  (U)  The  approach  is  to  preo-irc  mutants,  chromosomal  hybrids,  plasmid  transconjugant 
and  transformants  in  strains  o'  invasive  intestinal  pathogens  which  are  altered  in  genes 
for  somatic  antigens,  toxin  :  and  other  factors  and  to  assess  the  impact  of  such  alter¬ 
ations  on  virulence. 

25.  (V)  82  10  -  83  09:  This  work  unit  has  been  terminated  after  a  3  year  period  as  a 
91C  project.  Further  studies  are  being  continued  in  ether  work  units.  Colonial  charac¬ 
teristics  have  been  correlated  to  presence  and  expression  of  ‘'vj  plasmid  function. 
Virulence  and  phenotypic  characterization  of  Y.  enterocolitlca  isolated  from  humans  in 
the  USA  has  revealed  that  no  single  assay  correlates  with  virulence  in  enterocoli- 
tica.  Molecular  homology  comparisons  of  the  82  and  w . u  plasmid  showed  little,  if  any 
relationships.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Amual 
Progress  Report,  1  Oct  82  -  30  Sep  83. 


m/«  Mr  *u  nmtr»4  *«•*» 


•np'ovrf 


PROJECT:  3A161101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


WORK  UNIT:  110  Genetic  Basis  of  Virulence  of  Bacterial  Pathogens 

INVESTIGATORS: 

Principle:  Peter  Gemski,  Ph.D. 

Associate:  George  Fanning,  B.S.,  M.S,  Janet  Lazere,  B.S., 

Tim  Merriweather ,  SP5  and  Dana  H.  Wells,  B.S., 

SP4. 

In  collaboration  with:  A.D.  Cross,  M.D.  (DCD  &  I);  K.  Wachsmuth,  Ph.D., 

( DCD  &  I);  J.A.  Wohlhieter ,  Ph.D.  (DCD  &  I); 

W.  Zollinger,  Ph.D.  (DCD  (,  I). 

DESCRIPTION: 

Studies  on  the  pathogenesis  of  enteric  infections  have  established 
that  some  organisms  evoke  diarrheal  disease  by  an  invasive  mechanism  by 
which  the  pathogen  penetrates  and  replicates  within  gastrointestinal 
tissue.  Without  doubt,  several  bacterial  attributes  must  function  in 
concert  to  allow  expression  of  enteric  pathogens. 

An  understanding  of  chromosomal  and  plasmid  genes  associated  with 
invasive  properties  of  enterics  will  provide  basic  information  needed  to 
facilitate  the  development  of  (1)  live  attenuated  vaccines  and  (2) 
improved  methods  for  prevention  and  treatment  of  intestinal  infections  in 
military  personnel  operating  in  areas  of  poor  sanitation.  Although  such 
diseases  are  temporary,  they  are  sufficiently  devastating  to  interfere 
seriously  with  military  activities. 

Mutants,  chromosomal  hybrids,  plasmid  derivatives,  transformants  and 
t ranscon jugants  of  Shigella,  Yersinia ,  Salmonella  and  E.  coli  which  are 
altered  in  antigens,  toxins  and  other  factors  associated  with  virulence 
are  being  prepared  and  analyzed  biochemically,  genetically  and 
immunologically  to  assess  the  impact  of  such  alterations  on  virulence. 
Various  small  animal  models  of  infection  are  also  employed. 

Progress : 

A .  Studies  of  the  Virulence  and  Plasmids  of  Yersinia  ent eroco 1 i t ica 

Tn  our  study  of  the  virulence  and  plasmid  properties  of  Y_. 
en t e roco 1 i l i ca ,  we  have  found  that  plasmids  are  associated  with  the 
invasiveness  of  strains.  Furthermore,  we  have  revealed  that  strains 
harboring  such  plasmids  are  calcium  dependent  when  grown  in  vitro  at 
37C.  Such  a  temperature  dependent  calcium  deficiency  in  Y_.  pest  Is  has 
been  correlated  to  the  production  of  the  V  and  W  antigen  complex,  an 
important  virulence  determinant  of  plague  bacilli.  Two  plasmid  types  have 
been  identified  and  designated  as  Vwa  and  82. 

1 .  Molecular  Homology  Among  Plasmids  of  Yersinia  enterocolitlca . 
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We  have  shown  previously  that  _Y.  entercolltlca  contain  plasmids 
associated  with  virulence-  Vwa  virulence  plasmids,  41  -  46  Mdal  in  size, 
are  associated  with  calcium  dependency  and'  production  of  the  V  and  W 
antigen  complex.  Another  plasmid  type,  about  82  Mdal  in  size,  is  found 
with  the  Vwa  plasmid  in  certain  serotypes  of  Y_.  enterocolitica  and  appears 
to  be  associated  with  disseminating  lethal  infections  in  mice.  We  have 
examined  the  molecular  homology  among  these  plasmids  isolated  from 
serotypes  0:3,  0:8  and  0:20.  All  Vwa  plasmids  had  a  high  degree  of 
genetic  relatedness,  sharing  over  50%  DNA  sequence  homology  at  optimum 
reassociation  temperatures  (60°C).  Comparison  of  an  82  Mdal  plasmid  with 
representative  Vwa  plasmids  revealed  less  than  30%  homology.  The 
similarity  between  82  and  Vwa  plasmids  was  further  studied  by  comparing 
DNA  fragmentation  patterns  following  treatment  with  restriction 
nucleases.  Such  enzyme  digests  of  the  82  plasmid  were  distinct  from  those 
of  the  Vwa  class.  Our  results  show  that  the  82  plasmid  is  in  a  DNA 
hybridization  group  distinct  from  the  Vwa  plasmids. 

2 .  Virulence  and  Phenotypic  Characterization  of  Yersinia  entero- 
colitica  Isolated  from  Humans  in  the  United  States. 


Yersinia  enterocolitica  was  recently  reclassified  into  Yersinia 
enterocolitica  sensu  stricto  and  three  additional  species.  With  this  new 
classification,  it  was  of  interest  to  reexamine  pathogenicity  previously 
ascribed  to  Y.  enterocolitica ■  All  available  clinical  isolates  of  Y. 
enterocolitica  sent  to  the  Centers  for  Disease  Control  from  1970  through 
1980  were  selected  for  characterization  and  comparison.  One-hundred  such 
strains  had  been  submitted,  from  21  states.  Most  (85%)  were  biotype  1, 
and  0:8  was  the  most  common  of  the  24  serotypes  encountered.  All  strains 
were  examined  by  several  virulence  assays.  Two  strains  caused 
conjunctivitis  in  guinea  pigs,  7  were  lethal  for  mice,  54  invaded  HEp2 
cells,  18  produced  a  heat-stable  enterotoxin,  9  were  calcium  dependent,  20 
autoagglutinated,  and  34  had  a  distinctive  colonial  norphology  at  37°C. 

Ten  isolates  of  each  of  the  new  species  that  had  previously  been  grouped 
with  Y.  enterocolitica  (Y_.  kristensenii  ,  Y_.  intermedia,  and  Y_. 
f rederiksenli )  were  characterized  and  were  generally  negative  in  all 
assays.  This  study  points  out  pathogenicity  differences  among  Yersinia 
species,  confirms  the  complex  nature  of  virulence  in  Y.  enterocolitica , 
and  confirms  that  no  single  current  assay  correlates  with  virulence  in  Y. 
enterocolitica  . 


3 .  Association  of  Colony  Morphology  with  virulence  of  Yersinia 
enterocolitica . 

Our  studies  of  Y_.  enterocolitica  have  revealed  a  correlation  between 
colonial  characteristics  and  Vwa  plasmid  related  functions.  Strains  of 
serotype  0:8  which  produce  small  opaque  (0)  colonies  when  cultivated  at 
37°C  were  found  to  possess  Vwa  plasmids,  expressing  calcium  dependency, 
autoagglutinate  and  cause  invasive  disseminating  infections  in  mice. 
Translucent  (T)  colonies  which  are  segregants  from  0  derivatives  were 
found  to  have  lost  the  Vwa  plasmid  and  its  associated  virulence 
properties.  A  similar  colonial  variation  was  also  seen  among  the  serotype 
0:3  strains  that  we  screened.  We  characterized  the  virulence  of  T  and  0 
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derivatives  of  serotype  0:3  strains  hv  scoring  for  production  of 
diarrhea.  T  colony  segregants  of  serotype  0:3  strains  which  had  lost  the 
Vwa  plasmid,  calcium  dependency  and  autoagglut inat ing  characteristics, 
also  failed  to  provoke  diarrhea  in  mice. 

The  physiological  basis  for  0  and  ~  colony  characteristics  remains 
obscure.  Expression  of  an  0  colonv  morphology  is  dependent  however  on  the 
presence  of  Vwa  plasmid  and  cultivation  at  J7°C.  No  colonial  distinctions 
were  observed  when  the  strains  were  grown  at  26°C. 

We  have  found  examination  of  colony  morphology  to  be  a  simple  and 
rapid  method  for  isolating  isogenic  vi ru 1 ent /a vi ru lent  derivatives  of  Y. 
en t e roco  1  i t  i ca  .  Recent  screening  studies  of  other  Y.  ent eroco 1 i t i ca 
isolates  have  now  established  similar  colonv  variation  in  serotvpe  0:5, 
0:7,  0:8,  0:13,  0:20,  and  0:40.  The  use  of  colony  morphology  however  as  a 
reliable  screening  step  for  determining  possible  virulence  of  Y. 
enterocol  i  t  lea  isolated  from  clinical  and  food  sources  awaits  now  to  be 
examined  . 


B.  Studies  of  K1  Antigen  as  a  Virulence  Factor 

1 .  Evaluation  of  Imnunotherapeut i c  Approaches  for  the  Potential 

Treatment  of  Infections  Caused  bv  Kl-Positive  Escherichia  coll. 


Levels  of  antibody  to  the  K1  pol ysaccharido  capsule  were  examined  in 
sera  from  patients  naturally  infected  with  Kl-positive  Escherichia  coli, 
in  sera  from  volunteers  vaccinated  with  a  group  B  meningococcal  vaccine, 
in  immune  globulin  prepared  for  intravenous  use,  and  in  a  preparation  of 
murine  IgM  monoclonal  antibody  to  croup  B  meningococci.  In  a  phagocytic 
assay,  the  monoclonal  antibody  in  mouse  ascites  fluid  killed  Kl-positive 
E.  coli  to  a  final  dilution  of  1:250, enn  (4P,  ng  of  antibodv  protein/ml); 
no  killing  was  observed  with  any  of  the  other  antibody  sources.  This 
monoclonal  antibody,  which  required  human  complement  and  exhibited  a 
procone  when  high  concentrations  of  antibody  (“>6  ug/ml)  were  used,  killed 
all  Kl-positive  strains  but  none  of  the  Kl-negative  strains  of  E_.  coli 
tested.  Levels  of  Kl-binding  antibodv  in  the  sera  of  vaccinated 
volunteers  exceeded  antibodv  levels  resulting  from  natural  infection  or 
present  in  comnerciallv  prepared  immunoglobulin  and  were  less  than  those 
obtained  in  mouse  ascites  fluid  containing  the  monoclonal  antibody. 

C.  Future  Projections: 

>f3  work  unit  has  ''pen  me  reed  with  work  unit  124  j  [j/\  Q{j  544,  page 
163  on  biochemical  Research  on  Military  Diseases. 


Publications: 


1.  Cross,  A.,  V.  Zollinger,  R.  Mandrell,  P.  Gemski  and  J.  Sad-'ff. 
Evaluation  of  Tmmunot herapeu t i c  Approaches  for  the  Potential  Treatment  of 
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23.  (U)  The  purposes  of  this  project  ace  to  further  the  understanding  of  how  current 
antiradiation  drugs  function  anl  to  develop  some  of  the  scientific  information  necessary 
to  design  improved  drugs  and  treatment  regimens  for  radioprotection.  The  focus  of  the 
effort  will  be  on  better  understanding  and  control  of  the  vasoactive  prostaglandins 

trie  production  of  wnich  is  stimulated  by  radiation  of  animal  tissue.  The  ultimate  goal 
is  to  improve  the  pharmacological  protection  of  military  personnel  faced  with  the  threat 
of  radiation  from  nuclear  weapons  employment.  It  is  anticipated  that  this  information 
w ;  ’ 1  also  be  of  value  to  other  military  medical  needs  such  as  the  treatment  of  radiation 
disease  and  pro /on  t’ on  of  i  n  ever  s  irile  shock. 

24.  (IJ)  The  first  ph.i  :*»  of  mis  work  will  be  to  examine  the  effects  of  current  radio- 
protective  drugs  on  p -os tagland i  n  synthesis  and  on  the  controls  of  that  synthesis 
rendered  by  glucocorticoids .  Tins  will  be  conducted  in  cellular,  subcel 1 u 1  a r ,  and  whole 
animal  preparations .  The  ne«.t  p"a  e  will  be  to  examine  how  the  effects  of  radiopro¬ 
tectant  drugs  can  be  rod’ ; ;od  by  supplementary  drugs  that  affect  prostaglandin  synthesis 
t ,e. ,  steroids,  antisteroid-.,  ispirin .  and  indome thac in.  Finally,  the  information 
obtained  from  these  studies  will  be  tested  in  whole  animals  irradiated  under  controlled 
cond i t i ons . 
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23.  (U)  Ionizing  radiation  is  a  major  non-conventional ,  anti-personnel  measure 
resulting  in  serious  gastrointestinal  manifestations  including  vomiting,  diarrhea, 
hepatitis,  enteric  infection,  sepsis  and  death.  Our  objective  is  to  describe  the 
effects,  mechanisms  and  medical  countermeasures  of  ionizing  radiation  on  gastrolntestina . 
and  hepatic  structure  and  function.  There  is  military  relevance  in  this  research. 


24.  (U)  An  initial  descriptive  study  in  rhesus  monkeys  with  implanted  intestinal 
electrodes  will  describe  the  effects  of  a  single,  lethal  exposure  of  ionizing  radiation 
on  intestinal  motility,  morphology  and  flora  and  on  hepatic  morphology.  Subsequent 
studies  will  assess  the  mechanisms  and  pharmacologic  modulation  of  these  effects  and 
possibly  the  effects  of  repeated  sublethal  radiation  exposures  on  these  parameters  and 
on  intestinal  immune  function. 


25.  (U)  New. 
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23.  (U)  Both  chemical  warfare  agents  and  their  medical  countermeasures  are  generally 
active  against  the  nervous  system,  especially  the  cholinergic  nervous  system,  and  both 
may  result  in  serious  gastrointestinal  disturbances  including  vomiting,  abdominal  pain, 
malabsorption  and  diarrhea.  Our  objective  is  to  describe  the  nervous  control  of 
gastrointestinal  function  and  the  effects  and  interactions  of  potential  chemical 
defense  treatments  on  these  functions.  The.-e  i  military  relevance  in  this  research. 

24.  (U)  An  inicial  pilot  study  will  establish  a  model  (probably  rabbit  or/and  rat)  to 
record  Cl  motility  from  unrestrained  animals  and  will  develop  computer  programs  to 
Interpret  the  motility  patterns  recorded.  Subsequent  studies  will  describe  motility 
patterns,  investigate  their  control  mechanisms  and  study  the  effects  and/or  interaction1 
of  commonly  used  drugs  and  potential  ahem  deten-e  •reatments  on  these  patterns. 
Potentially,  the  effects  of  these  motilltv  patterns  on  gastrointestinal  flora,  immune 
function  and/or  fluid  and  electrolyte  transport  could  be  investigated. 

25.  (U)  New  . 
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23  (U)  To  characterize  the  important  antigenic  epitopes  of  dengue  viruses  by 
isolation  and  purification  of  the  envelope  glycoprotein.  This  is  an  essential 
preliminary  step  to  the  development  of  alternative  vaccines  to  the  attenuated,  live 
virus  vaccines,  vaccines  ari?  tbe  only  feasible  means  for  preventing  epidemic  dengue 
fever  in  American  soldiers. 

24  (U)  Dengue  viral  envelope  proteins  will  be  purified  in  natural  and  denatured 
forms  from  large  volume  cell  culture  harvests.  Purification  will  uti’ize  high  speed 
centrifugation,  isoelectric  focusing  and  affinity  chromatography .  Epitopes  will 
distinguished  by  their  reactivity  with  monoclonal  antibodies  and  characteri zed  by 
amino  acid  sequencing. 
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23.  (U)  Peptide  vaccines  are  advantageous  because  contemporary  techniques  can  readily 
be  used  to  synthesize  great  quantities  of  pure  peptides  derived  from  many  mic roor gan isms 
which  cause  diseases  of  military  Importance.  Such  small  peptides,  however,  invariably 
lack  immunogenlcicy  when  administered  without  adjuvants.  Most  currently  available 
adjuvants,  however,  are  toxic.  The  purpose  of  this  work  unit  Is  to  develop  safe  and 
efficacious  immunopot ent i at ing  methodology  and  agents  which  will  enhance  the  immuno- 
gcnicity  of  peptide  antigens.  Trypanosomes  cause  extensive  disease  among  millions  of 
people  In  Africa.  Troops  deployed  in  endemic  areas  expect  high  morbidity.  Current 
treatment  is  insufficient  or  non-existent.  Synthetic  peptides  to  be  used  in  this  unit 
will  be  Identical  to  conserved  portions  of  the  variable  surface  glycoprotein  (VSG)  of 
afrlcan  trypanosomes. 

24.  (U)  Peptides  representing  four  areas  of  VSG  which  are  common  to  many  trypanosome 
variants  will  be  synthesized  by  Peninsula  Labs.,  Inc.,  according  to  our  specifications. 
These  peptides  will  be  covalently  linked  to  muramvl  dipeptide  (MDP)  analogs,  fatty 
acids  or  detoxified  LPS  and  then  used  either  directly  or  following  hydrophobic  complex- 
Ing  to  meningococcal  outer  membrane  protein  vesicles  ( pro t osomes )  .  Peptides  synthesized 
with  t ry panosomn 1  hydrophobic  calls  will  be  used  alone  and  complexed  to  protosomes  with 
out  lipid  spacers.  Control  mice  will  be  immunized  with  peptide  alone,  in  Freund's 
adjuvant  or  alum,  or  bound  Co  KLH.  Thus,  the  role  of  covalent  and  hydrophobic  complex- 
lng  will  be  compared  using  adjuvants  and  peptides  with  significant  human  use  •  pot en t ia 1 . 

25.  (U)  New. 
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23  (U)  The  objective  of  this  work  is  to  develop  a  sensitive  ONA  Hybridization 
procedure  to  detect  and  identify  Leishmania  parasites.  Leishmaniasis  is  endemic  in 
Africa,  the  Mid  East,  Indian  Subcontinent  and  South  America  posing  a  significant 
potential  threat  to  military  operations  in  these  areas. 

24  ( U )  DNA  will  be  extracted  from  Leishmania  of  different  species  and  labelled  by 
radioactive  and  non-radioactive  means  to  construct  sped es- speci fic  ONA  probes.  These 
probes  will  be  hybridized  to  Leishmania  from  infected  tissues  or  insect  vectors  to 
develop  sensitive  methods  for  detecting  and  identifying  Leishmania.  Sensitive 
detection  methods  will  assist  Leishmania  chemotherapy  procedures,  drug  and  vaccine 
development  and  epidemiology  studies. 

25  (U)  New. 
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23.  (U)  1.  Define  lymphocyte  subset  profiles  in  relation  to  the  stage  of  infection 

and  immune  status  of  malaria  infected  individuals.  2.  Define  purine  nucleotide  path¬ 
ways  in  normal  and  infected  lymphocytes  with  emphasis  on  adenylate  cyclase  substrate 
availability.  3.  Study  lymphocyte  adenylate  cyclase  in  membrane  preparations,  a.  Is 
an  adenosine  receptor  interlocked  with  activation?  b.  What  is  the  status  of  the  GTP 
coupler.  4.  Quantitate  the  effects  of  pharmacologic  manipulation  of  cAMP  content  with 
known  phosphodiesterase  inhibitors  and  immunost imulents  of  lymphocyte  bl3Stogenesis . 
There  is  military  relevance  in  this  research. 

24.  (U)  Lymphocytes  obtained  from  malaria  patients  will  be  identified  with  available 
immunofluorescent  cages.  Cell  sorting  for  purification  of  subsets  will  be  performed 
with  the  Coulter  fluorescent  activated  cell  sorter  available  at  WRAIR.  Extractions  for 
nucleotides  profiles,  purine  pathway  analysis,  and  cAMP  content  will  be  measured  on 
selected  subsets  utilizing  techniques  already  developed.  Adenylate  cyclase  extraction 
and  analysis  will  be  performed  at  WRAIR.  The  effects  of  various  immunost imulents  and 
cAMP  analogues  will  be  performed  in  functional  assays  currently  available  at  AFRIMS. 
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23-  ( U )  The  teclinical  objective  is  to  develop  a  rapid,  sensitive  test  using  labeled, 
cJoned  mosquito  DNA  for  differentiating  morphologically  identical  malaria  vector 
species,  particularly  members  of  the  Anopheles  balabacensis  complex.  There  is  a 
military  requirement  for  this  research. 

2h.  (u)  The  following  steps  will  be  carried  outi  sequentially:  (a)  Isolation  and 
colonization  of  each  of  the  four  species,  (b)  Preparation,  analysis  and  cloning  of  DNA 
from  each  species,  and  (c)  Selection  of  clones  specific  only  for  one  species  and 
testing  their  specificity  on  wild  material. 
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23.  (U)  To  investigate  the  role  o!  the  acetylcholine  receptor  (AChR)  in  red  blood  cell 
(KBC)  and  leukocyte  (whole  blood  cell,  W'BC)  structure  and  function.  To  periorm  studies 
ot  the  RBC  membrane-bound  enzyme,  acetylcholinesterase  (AChE),  the  function  of  which  is 
closely  linked  to  AChR.  Stimulation  ol  the  AC! i it  in  excitable  membranes,  e.g.,  muscle 
and  nerve,  is  terminated  through  hydrolysis  ol  ACh  bv  AChE.  These  studies  are  important 
for  military  chemical  defense  in  the  development  of  new  approaches  for  treatment  and 
prophylaxis  against  chemical  nerve  agents. 

24.  (U)  Assays  for  measuring  AChR  by  binding  of  labelled  agonist,  for  calcium  flux,  and 
for  cCMP  generation.  Isolation  of  purified  RBC  AChE  bv  affinity  chromatography.  Recon¬ 
stitution  of  AChE  into  artificial  membranes  (lipisomes)  of  varying  lipid  content  and 
measurement  of  AChE  activity  with  and  without  inhibitors,  lipophilic  agents,  and  with 
varying  extracellular  lipid  environments.  Evaluation  of  AChR  on  WBC  at  different  stages 
of  the  maturation  and  function  of  these  cells. 

25.  (U)  82  10-83  09  AChR  Studies:  By  using  non-hydrolyzable,  radio  labelled  cholinergic 
agonists  and  various  neurotransmitter  antagonists,  a  specific,  saturable  muscarinic 
AChR  has  been  identified,  characterized,  and  enumerated  on  human  RBC  and  WBC  (neutro¬ 
phils)  as  well  as  on  blood  precursor  cells  harvested  from  normal  bone  marrow  aspirates. 
These  studies  were  extensions  of  previous  studies  done  with  animals.  AChR  studies  have 
been  carried  out  both  with  whole  blood  cells  and  plasma  membrane  preparations.  Methods 
have  been  established  to  study  the  effects  of  ACh,  ACh  analogues,  and  ACh-AChE  blockade 
on  RBC  rigidity,  deformability  and  membrane  integrity  using  blood  viscometry  and  RBC 
osmotic  fragility  measurements.  For  technical  report,  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  Oct  82-30  Sep  83.  Work  unit  has  been  terminated  at 
and  of  FY83  due  to  loss  ot  critical  persc^yiel  from  project. 
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Project  3A161 101A91C:  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCh 


Work  Unit  119  The  Biochemistry  and  Physiology  of  Erythrocyte  Membrane  Proteins: 
Role  in  Normal  Erythrocyte  Function  and  in  Disease 

Invest lgators  LTC  Daniel  Wright,  MC;  MAJ  Eric  Schoomaker,  MC;  Dr.  Lily  Tang 
( I  PA  investigator) 


Description 


Studies  of  the  physiology  of  blood  cell  membranes  have  concentrated  upon  the 
ectoenzyme,  acetylchlinesterase ,  and  the  acetylcholine  receptor  complex  present  on 
the  surfaces  of  circulating  red  and  white  blooa  cells  as  on  neuromuscular  tissues. 
This  work  has  been  concerned  with  the  structural  relationship  of  enzyme  and  receptor 
with  the  membrane  lipoprotein  structure  as  this  relationship  affects  enzyme  activity 
and  their  susceptibility  to  acetylcholinesterase  inhibitors  of  military  importance 
(nerve  agents).  This  work  also  involves  basic  investigations  into  the  structure  of 
blood  cell  membranes  in  general  with  mature  blood  cells  and  blood  precursor  cells 
separated  from  normal  human  marrow. 


Studies  of  the  acetylcholine-acetylcholinesterase  apparatus  on  human  blood 
cells  may  provide  a  very  accessible  and  use.ul  model  for  understanding  the  toxic 
effects  of  nerve  agents  used  in  chemical  warfare  upon  nervous  tissues  and  for 
developing  novel  tactics  for  protecting  against  these  effects. 


Work  in  this  area  is  aimed  at  three  problems: 


1.  To  investigate  the  role  of  the  acetylcholine  receptor  (AChR)  in  red  blood 
cell  ( RBC)  structure  and  function.  These  studies  are  intended  to  delineate  the 
relationship  between  AChR  stimulation  and  RBC  shape  and  deformability.  This  appears 
to  involve  the  stimulation  of  the  enyzme  guanylcyclase  resulting  in  an  increase  in 
cyclic  guanosine  monophosphate  (cGMP).  Cyclic  GMP  levels  and  other  effects  of  AChR 
stimulation  may  be  mediated  by  changes  in  calcium  (Ca++)  flux.  Changes  in 
intraerythrocyte  calcium  concentration  are  known  to  influence  membrane  shape  and 
deformability;  cGMP  in  other  tissues  has  been  observed  to  modulate  the 
phosphorylation  of  certain  key  proteins.  Both  events  may  prove  to  play  an  important 
role  in  the  function  of  the  mature  RBC  as  well  as  erythroid  differentiation  and/or 
proliferation  in  the  bone  marrow. 

2.  To  perform  studies  of  the  RBC  membrane-bound  enzyme,  acetylcholinesterase 
(AChE),  the  function  of  which  is  closely  linked  to  AChR.  Stimulation  of  the  AChR  in 
excitable  membranes,  e.g.,  muscle  and  nerve,  is  terminated  through  hydrolysis  of  ACh 
by  AChE.  Its  function  in  the  RBC  remains  unknown.  It  is  an  ideal  source  of 
membrane-bound,  lipid-dependent  enzyme  for  investigations  of  the  regulation  of  such 
enzymes  by  changes  in  membrane  lipids.  Such  studies  should  prove  useful  in  our 
understanding  of  the  control  of  enzyme  activity  under  normal  conditions.  In 
addition,  protection  against  complete  inactivation  of  AChE  by  inhibitors  such  as  the 
anti-AChE  nerve  agents  may  be  afforded  through  alterations  in  the  lipid 
microenvironment  of  the  enzyme. 

3.  To  investigate  the  mechanism  by  which  abnormal  RBC  structural  membrane 
proteins  result  in  premature  RBC  destruction.  Techniques  developed  to  study  the 
above  two  issues  have  led  to  methods  by  which  dysfunctional  structural  protein 
mutations  may  be  examined.  Abnormal  interactions  among  these  proteins  appear  to 


underline  RBC  shape  changes  and  ce  1 1  lysi^  m  disorders  sucii  as  hemolytic  hereditary 
elliptocytosis. 


Progress 

1.  Because  ot  transfer  of  key  personnel  involved  with  this  project,  this  work, 
unit  has  been  terminated  as  of  the  end  of  fYb'3.  Work  during  the  final  year  of  this 
project  has  focused  principally  upon  the  ch« rscte ri cation  ot  cholinergic  receptors 
(AChR)  of  human  neutrophils  and  myeloid  precursor  cells. 

Cholinergic  agents  have  been  shown  to  enhance  the  functional  responses  of 
neutrophils  (e.g.  chemotaxis  and  secretion)  and  to  interact  with  these  cells  via 
specific  receptors  (AChk)  analogous  to  those  on  neuromuscular  and  secretory  cells. 

To  evaluate  AChR  availability  on  human  neutrophils  during  cheir  maturation  and 
function,  neutrophils  and  neutrophil  precursor  cells  were  isolated  from  aspirated 
marrow  and  remove  blood  of  volunteers  and  from  exudates  produced  in  skin  chambers. 
Cells  were  incubated  with  the  muscarine  antagonist,  quinuc 1  id iny 1-benzi la t e  (^H- 
QNB),  at  22  °C  for  20  min  with  and  without  atropine.  ONB  bound  to  cells  collected 
on  glass  fiber  filters,  or  pelleted  by  centrifugation  through  silicone  oil  to 
separate  cell-bound  from  free  radioactivity,  was  then  measured.  Specific,  atropine- 
displaceable  JH-0NH  binding  (SQB)  by  blood  neutrophils  was  shown  to  be  saturable 
with  0.8  -  1.5  x  105  binding  sites  per  cell  and  a  Kd  tor  binding  ot  b-14  nit. 
Neutrophilic  cells  isolated  from  marrow  by  density  g rad  ten t / se d imen ta t ion  (enriched 
in  blasts,  promyelocytes  and  myelocytes)  had  2  to  U  times  more  S(,'B  sites/cell  than 
did  blood  neutrophils.  The  immature,  human  promyelocyt ic  leukemia  cell  line,  KL-tj  , 
also  had  greater  receptor  numbers  <  >  M.«”/cel]).  In  contrast,  SQB  by  exudate 
neutrophils  and  by  blood  neutrophils  exposed  to  the  chemotactic  peptide,  t-met-leu- 
phe  (10"”^M),  was  3 0 — 5 U >;  less  than  that  of  contr.  ]  neutrophils.  These  studies  have 
demonstrated  that  muscarinic,  cholinergic  receptors  are  acquired  early  in  the 
development  of  myeloid  cells,,  are  particularly  numerous  on  neutrophil  precursor 
cells  recovered  from  the  hematopoietic  marrow,  ana  are  lost  or  become  less  available 
for  binding  once  neutrophils  are  engaged  in  an  inflammatory  response.  These 
findings  have  suggested  the  novel  concept  that  a  cl.<  iiaergic  response  apparatus  may 
be  particularly  important  to  neutrophils  during  their  development  and  storage  in  the 
marrow,  which  is  a  richly  innervated  organ. 

Studies  of  isolated  neutrophil  membrane  preparations  have  further  indicated 
that  SOB  by  neutrophils  is  associated  with  a  separable,  membrane  A  Ok  structure  and 
that  binding  is  not  influenced  by  anion  channel  blockers. 

2.  In  order  to  assess  the  effects  o!  cholinergic  agoni -t -receptor  interactions 
upon  the  erythrocyte  (RBC)  functions  of  rigidity  and  shape  change,  techniques  were 
established  to  measure  these  RBC  cha^ai t e r i s t i c s  with  a  disi  viscometer  that  is 
adapted  to  a  video  camera  system  which  can  record  the  character  and  degree  of  KBC 
shape  changes  in  vitro  in  response  to  shear  stresses. 

Future  Plans 


As  indicated  above  this  project  has  been  terminate,;  as  a  specific  work  unit. 
Certain  derivitive  projects  from  research  conducted  it:  this  work  unit  will  be 
pursued  as  part  of  other  work  units  within  tlie  Dept,  of  Hematology,  WRAlk. 
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23  (L)  Dengue  Fever  (DF)  and  dengue  hemorrhagic  fever  (DHF)  occur  in  epidemic  form 
throughout  tropical  are. is  and  are  significant  health  hazards  to  military  personnel.  lh« 
pathogenesis  of  Dili-'  is  attributed  to  the  formation  of  antigen-antibody  complexes. 

Kva  luation  of  dengue  antigen  interactions  with  serotype  specific  anil  crossroad ivu  anti 
bodies  using  an  exnor imen ta )  model  (mouse  poivclon.il  and  monoclonal  antibodies)  as  well 
as  antisera'  Iren  DF,  Dili',  and  dengue  virus  vaccine  recipients  will  allow  a  precise 
understanding  of  the  immune  response  to  dengue  antigens. 

2a  ft*)  Attempts  to  isolate  dengue  specific  immune  complexes  using  specialized  solid 
phase  methods  have  not  been  successful.  The  current  approach  consists  of  (1)  examining 
the  epitepic  structure  of  major  dengue  antigens  using,  monoclonal  antibodies  and  (2) 
relating  the  immune  response  of  DF  and  Dili'  patunts  as  well  as  dengue  vaccine  recip¬ 
ients  to  specific  antigens  anu  antigen  epitopes. 

25  (U)  82  10-83  09  Monoclonal  antibodies  prepared  to  each  type  of  dengue  virus  were 
classed  as  type-specific,  subcoroplex-specif ic  dengue  complex-specific  or  flavivirus 
gr oun-reac ti ve .  These  antibodies  were  used  in  competitive  antibody  binding  assays  to 
evaluate  the  spatial  relationships  of  antigenic  epitopes  on  the  surface  of  purified 
dengue-2  viruses.  At  least  4  major  epitopes  were  discovered.  Some  antibodies  actually 
promoted  the  binding  of  others,  representing  a  new  interaction  of  dengue  antibodies. 
Mouse  protection  assays  are  being  used  to  determine  which  antigen  epitopes  should  be  j 
blocked  to  gain  maximum  immune  protection.  This  work  will  facilitate  the  development  j 
of  future  dengue  vaccine.  This  research  will  be  continued  in  the  Institute’s 
integrated  research  program.  (For  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  Oct  82,  to  30  Sep  83). 
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differ  in  their  relative  reactivity  in  the  common  serological 
assays.  Competitive  antibody  pending  assays,  in  which  dilations  of 
unlabelled  mABs  were  allowed  to  wi  t*  partially  purified 

radi  olabel  1  ed  mAB  for  antnody  binding  sites,  suggested  that  four 
spacially  distinct  antigenic  region;  ;t  or  tne  surface  of  the 
virus.  Antibodies  t  o  region  1  epitopes’,  were  eitKer  a)  type- 
specific,  b)  subrompl  ov-speci  f  ic  by  ,  Hi,  and  assays,  or  c) 

subcomplex  specific  by  IF  and  u  assays  on’y.  Antibodies  to  region 
2  were  either  a)  type-specific,  or  o'  complex-specific  by  IF,  HI, 
and  PRNT  assays,  or  c)  subcomplox  specific  by  Ir  and  -t!  assays. 
Antibodies  to  region  3  ;l  ep’tocel  were  comr’ex-speci f ic  by  IF 
assay  only;  and  antibodies  to  rngvj"  a  '!  epi*ope'  were  flavivirus 
group-react i ve  by  IF  and  hi ,  but  hEN  :>np’ex  specific  hy  PRNT. 

Some  mAB  increase  on  "promote"  tne  b-ng-ng  of  other  mAB  in  this 
test.  For  instance,  antibody  to  regions  '  and  4  mutually  promoted 
each  other,  wnile  one  DEN  sibconplex  mAB  r ;  region  1  promoted 
antibody  to  regions  2  and  4.  rne  j_n  v’vi  significance  of  this 
promotion  phenomenon  has  not  oepn  ria-Pr  •”  red,  r  jt  the  data  suggests 
that  conformational  changes  may  occur  *r  tne  antigen  wren  highly 
specific  antibody  is  bound  to  i t .  H.nse  passive  protection  studies 
suggested  that  all  of  the  mABs  could  reduce  mortality.  However, 
mA8  to  region  3  which  lacks  significant  HI  and  PRNT  titers, 
passively  protects  mice  against  i nt nacerebra  1  challenge  and 
participates  in  art i body-medi ated  enran cement  of  virus  yields  i n 
vi tro.  Other  mABs  required  helper  antibody  to  induce  full 
protection.  All  of  the  mABs  studied  coo'd  enhance  DEN-2  virus 
yields  in  U-937  (numan  monocyte)  cells  except  for  serotype  specific 
antibody  when  a  low  multiplicity  of  infection  was  used. 


Recommendation 


This  work  unit  has  been  highly  productive  during  the  past 
three  years.  It  has  provided  dengue  monoclonal  antibodies  which 
are  accepted  as  diagnostic  reagents  abound  the  world.  Moreover  it 
has  done  the  ground  work  to  mao  the  surface  epitopes  of  dengue 
viruses.  This  work  has  been  incorporated  into  that  of  other  work 
units. 
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Henchal ,  E.A.,  Brandt,  W.E.,  McCown,  J.M.,  Gentry,  M.K., 
Repik,  P.B.  and  Padmanabhan,  R.K.  Recent  Advances  in  the 
Molecular  Biology  of  The  Dengue  Viruses.  WHO  International 
Meeting  on  Dengue  Hemorrhagic  Fever,  Kuala  Lumpur,  Malaysia, 
September  1983. 


Abstracts 

Kalyan,  N.,  Nohara,  M.,  Henchal,  E.A.  and  Padmanabhan,  R.K. 
Structural  Analysis  of  Dengue-2  Virus  Genome.  Fed. 
Proceedings  42:  Abstract  n0.  125/,  1983. 


Publications 


1.  Henchal,  E.H.,  McCown,  J.M.,  Segu'n,  M.C.,  Gentry,  M.K.  and 
Brandt,  W.E. 

Rapid  Identification  of  Dengue  Virus  Isolates  by  Using 
Monoclonal  Antibodies  in  an  Indirect  Immunofluorescence 
Assay.  Amer.  J.  Trop.  Med.  Hyg.  32:  164-169,  1983. 

2.  Henchal,  E.A.,  Brandt,  W.E.,  McCown,  J.M.,  Gentry,  M.K., 
Repik,  P.B.  and  Padmanabhan,  R.K.  Recent  Advances  in  the 
Molecular  Biology  of  the  Dengue  Viruses.  Proceedings  of  the 
International  Conference  on  Dengue/Dengue  Hemorrhagic  Fever. 
University  of  Malaya  Press  (In  Ptpss),  1983. 
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23.  (U)  To  study  the  use  of  Vitamin  B 1 2  analogues  (hydroxocobulamin,  B12a,  in  particular) 
as  prophylactic  and  therapeutic  antidotes  for  acute  cyanide  poisoning.  Development  of 
new  methods  of  protecting  troops  against  chemical  agents  such  as  cyanide  is  of  great  i 
importance  to  chemical  warfare  defense. 

24. (0)  Laboratory  studies  include  the  evaluation  of  different  B12  analogues  that  have 
different  substiution  groups  associated  with  the  cobalt  moiety  of  the  molecule  for 
binding  affinity  for  CM.  Radioisotopic  and  physiochemical  techniques  will  be  developed 
to  study  urinary  excretion  of  B12  and  CN,  in  order  to  follow  the  kinetics  of  CM  excre¬ 
tion  mediated  by  B12  in  animal  models  ot  acute  CN  poisoning.  The  relative  susceptibil¬ 
ity  of  animals  to  CN  toxicity  will  be  related  to  blood  B12  levels  maintained  at  differ¬ 
ent  levels  artificially.  Laboratory  studies  also  Include  animal  models  of  acute  cyanide 
poisoning  using  mice,  rats,  and  dogs  that  given  intravenous  cyanide  salt  with  and  with¬ 
out  prior  loading  with  B12  compounds. 

25.  (U)  82  10-83  09  To  develop  an  animal  model  tor  studying  the  protective  effects  of 
varying  blood  levels  of  812a  against  CM,  n’  irmacokinetic  studies  were  carried  out  with 
female  foxhounds.  The  distribution  and  excretion  kinetics  of  CN-B12  and  B!2a  were  de¬ 
fined  with  computer  modeling  in  these  jnimals  using  single  bolus,  IV  doses:  5,  10,  and 
25  mg/kg.  These  data  were  then  applied  to  develop  formulae  for  loading  and  maintenance 
B12a  doses  that  wouLd  maintain  P  2a  plasma  levels  in  the  animals  constant  at  different 
discrete  levels.  The  model  wa"  adapted  to  study  of  CN  effects  with  and  without  B12a. 
’rotective  effects  of  B12a  against  CN  intoxication  arc  being  defined.  For  technical 
report,  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  82- 
30  Sep  83. 
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Work  Unit  122  Studies  of  Vitamin  Bl2  and  B-2  Binding  Proteins  for  the 
Development  of  Antidotes  to  Acute  Cyanide  Poisoning 

Investigators  Dr.  Harold  Williams,  MS  C GS— 13);  LTC  Daniel  G.  Wright, 

LTC  Charles  Pamplin,  MC  (Div.  Exp.  Therapeutics,  WRAIR); 

LTC  John  A  Kark,  MC 

Description 

Studies  of  the  biology  and  biochemistry  of  Vitamin  B have  concentrated 
upon  the  use  of  B^  analogues  as  antidotes  to  acute  cyanide  poisoning. 

Although  it  has  been  recognized  for  some  time  that  B12a  (hydroxocobalamin)  may 
be  a  useful  cyanide  antidote,  our  work  represents  the  first  rigorous 
pharmacologic  studies  of  this  question.  Our  objective  i3  to  study  the 
feasibility  of  using  B^a  both  as  a  therapeutic  and  a  prophylactic  measure  ■ 
against  cyanide  poisoning  as  may  be  encountered  by  military  personnel  during 
chemical  warfare. 

The  use  of  cyanide  gas  (HCN)  by  a  military  adversary  in  the  event  of 
tactical  warfare  is  considered  to  be  a  serious  possibility.  The  feasibility 
of  treating  poisonings  of  troops  in  a  combat  zone  is  likely  to  be  very 
difficult  considering  the  rapidity  with  which  toxicity  occurs  and  the  problems 
of  transporting  troops  to  an  appropriate  treatment  facility.  Therefore,  the 
development  of  prophylactic  measures  that  can  be  used  when  exposures  are 
likely  to  occur  is  of  considerable  military  importance. 

Hydroxocobalamin  (B  a)  avidly  binds  cyanide  anion  (CN)  to  form  Vitamin 
B ^ j  (CN-B.2)  which  is  rapidly  excreted  by  the  kidneys  if  plasma  levels  of  CN- 
B12  exceea  the  plasma  protein  binding  capacity  for  cobalamins.  It  has  been 
recognized  for  some  time  that  B.2a  might  be  a  useful  antidote  against  cyanide 
poisoning  but  rigorous  pharmacologic  studies  of  its  use  for  this  purpose  have 
not  been  done.  Our  initial  studies  involved  the  use  of  mice  and  rats  to 
define  the  capacity  of  B^a  administered  intravenously  to  detoxify  cyanide 
salt  given  to  the  animals  intravenously  or  intraperitoneally .  Subsequent 
studies  with  dogs  have  been  designed  to  define  the  pharmacokinetics  of  very 
large  doses  of  B^a  administered  intravenously.  Dogs  are  being  used  to 
determine  the  prophylactic,  antidotal  effects  of  B^a  maintained  at  different 
plasma  concentrations  against  challenge  with  cyanide  when  B-^a  is  given  to  the 
animals  by  itself  or  in  combination  with  other  agents  with  anti-cyanide 
effects  (e.g.  sodium  thiosulfate).  The  emphasis  of  these  studies  is  to  define 
the  feasibility  of  using  B^a  to  increase  the  resistance  of  an  individual  to 
the  toxic  effects  of  an  exposure  to  cyanide  gas  (HCN). 

Progress 

The , three-year  term  of  this  ILIR  project  was  completed  in  FY83.  During 
this  year,  study  of  the  animal  model  for  cyanide  toxicity  and  B12a  protection, 
developed  in  female  foxhounds,  continued  along  lines  previously  outlined. 

Dogs  were  given  measured  doses  of  CN  in  both  the  presence  and  absence  of 
Cbl-OH.  Various  physiological  repsonses  were  observed  and  recorded  and  blood 
and  urine  specimens  were  analyzed  for  total  vitamin  as  well  as  total  and 
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free  CN.  The  efficacy  of  the  use  of  Cbl-OH  as  an  antidote  was  determined  by 
giving  dogs  loading  and  maintenance  doses  of  this  medication.  We  ftund  that 
to  achieve  a  blood  level  of  0.01  mg/ml,  a  loading  dose  of  1 .08  mg/Kg  and  a 
maintenance  dose  of  1.7  mg/Kg/ml/min  were  required,  when  maintenance  drug  was 
given  at  a  flow  rate  of  1.0  ml/min.  Administration  of  Cbl-OH  alone  uroducea 
no  observable  adverse  physiological  effects  on  the  animals  tested.  Jogs  were 
given  bolus  injections  of  CN  alone.  These  were  given  over  15-20  mir.ute  time 
intervals  in  increments  ranging  from  0.05  -  0.6  mg/Kg.  Incremental  increases 
in  CN  administration  produced  symptoms  which  were  more  acute  and  included  a 
rapid  rise  in  the  blood  pressure,  rapid  breathing  (until  the  apparent  point  of 
lethal  doses  were  reached)  and  tachycardia.  It  was  observed  that  bolus 
injections  of  CN  produed  these  effects  at  significantly  lower  total 
concentrations  than  when  the  same  equivalent  of  CN  was  administered  by 
constant  IV  infusion.  Dogs  were  given  bolus  injections  of  CN  while  being 
constantly  infused  with  Cbl-OH  in  which  the  blood  level  of  Cbl-OH  vas 
maintained  at  0.02  mg/ml.  The  analysis  of  data  from  these  experiments 
indicates  that  Cbl-OH  does  provide  some  protection  against  CN  intoxication  in 
that  we  were  able  to  give  dogs  CN  under  this  condition  ranging  from  0.05  -  0.8 
mg/Kg.  We  also  have  administered  CN  alone  and  CN  in  combination  wi;h  Cbl-OH 
at  a  constant  infusion  rate.  CN  was  administered  at  a  rate  of  0.02  mg/Kg/min 
and  Cbl-OH  at  a  rate  of  0.6  mg/Kg/min.  This  concentration  of  Cbl-OH 
represented  a  stoichiometr ic  amount  of  this  medication  plus  a  slight  excess  to 
react  with  CN.  The  maximum  amount  of  CN  given  without  the  prophylactic  was 
4.8  mg/Kg  and'  with  prophylactic  it  was  11 .6  mg/Kg.  Data  have  thus  far  been 
obtained  on  a  limited  number  of  animals  and  the  variation  between  dogs  in 
their  ability  to  tolerate  different  amounts  of  CN  has  been  found  to  be  large; 
conclusions  from  these  studies  await  further  study. 

In  related  studies,  we  have  modified  a  procedure  for  measuring  CN  in 
blood  and  other  tissues.  This  modification  permits  one  to  detact 
significantly  lower  levels  of  CN  than  does  the  original  method.  In  addition, 
the  modification  permits  the  analysis  to  be  conducted  in  less  than  one-half 
the  original  time  without  a  diminution  in  sensitivity. 

Future  Plans 

With  completion  of  the  1  year  term  of  this  ILIR  project,  research 
conducted  under  this  work  unit  wi!  be  incoporated  into  other  work  units  in  the 
Dept,  of  Hematology.  It  is  our  intention  to  fulfill  the  original  goals  of 
this  work  unit  which  are  to  define  the  feasibility  and  theoretical  value  of 
developing  a  scheme  of  cyanide  proplvlaxis  which  includes  the  use  of 
hydroxocobalamin ,  B^a. 

Abstract /Publication 


None  in  FY83. 
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7 3.  (U)  Development  of  laboratory  models  for  testing  selected  chemical  compounds  for 
pharmac  .logical  side-effects  which  may  limit  their  utilization  in  military  medical 
applications,  for  examination  of  mechanisms  of  pharmacological  activity  and  for  studying 
the  effects  of  chemical  modifications  on  pharmacological  activity. 

24.  (U)  Laboratory  models  will  be  developed  in  this  laboratory  and  utilized  for  detailed 
assessment  of  modes  of  action  and  deleterious  effects  of  chemical  compounds  in  use  or 
under  consideration  for  treatment  of  militarily  important  diseases.  This  includes 
identification  of  adverse  biological  mechanisms  of  action,  relationship  of  response  to 
concentration,  determination  of  range  of  response  within  a  chemical  class  of  compounds, 
effect  of  variation  of  structure  within  the  chemical  class  and  identification  of  popula¬ 
tions  at  risk  if  genetically  determined  metabolic  defects  are  responsible  for  the 
adverse  effects. 

25.  (U)  8210-8309  The  radiometric  micro-volume  H’st  for  erythrocytic  hexose  monophosphate- 
shunt  (HMS)  activity  was  applied  in  studies  for  recognition  of  hemolytic  potential  in 
primaquine-like  candidate  drugs.  h’MS  and  proteolytic  responses  to  methylene  blue  and 
sodium  nitrite  were  measured  and  the  results  suggested  two  distinct  mechanisms  for 
activation  of  the  HMS.  Nitrite  treatment  increased  HMS  activity  through  oxidative 
challenge  to  erythrocytic  protein,  whereas  methylene  blue  activated  the  HMS  without 
injurious  oxidative  challenge.  Methylene  blue-treated  erythrocytes  did  not  activate  pro¬ 
teolysis  of  erythrocyte  protein,  whereas  nitrite-treated  cells  actively  degraded  protein. 
3rimaquine  and  two  presumed  metabolites  had  activity  similar  in  characteristics  to  that 
of  methylene  blue.  Thus,  the  hemolysis  produced  by  primaquine  appears  not  to  be  due  to 
oxidative  challenge.  This  Work  Unit  is  being  terminated  by  reason  of  expiration  of  its 

three-year  period,  for  Technical  Report,  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  I  Oct  82-30  5ep  83.  75  I 
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PROJECT  3A1611Q1A91C  In-House  Laboratory  Independent  Research 

WORK  UNIT  123  Test  Systems  for  Specific  Biological 

Effects  of  Chemicals 

INVESTIGATORS: 

Principal:  Or.  Joan  E.  Jackson 
PROBLEM: 

Chemical  compounds  which  are  candidate  drugs  may  have 
pharmacological  side-effects  which  would  limit  or  preclude  their 
utilization  in  medical  appl i cati ons .  The  U.S.  Army  Drug 
Development  Proqram  invests  considerable  resources  in  evaluations 
of  promising  compounds  being  developed  as  drugs  for  military 
applications  against  infectious  diseases,  as  radioprotectants  and 
as  agents  of  defense  against  toxic  chemicals.  Compounds  which  are 
discovered  to  have  potentially  useful  medicinal  activity  early  in 
the  drug  development  process  may  have  to  be  abandoned  after 
considerable  work  and  expense  because  toxic  problems  are 
discovered  in  later  studies.  Recognition  of  the;e  limitations  at 
an  early  stage  would  allow  increased  efficiency  in  management  of 
the  drug  program.  In  this  Work  Unit,  laboratory  models  are 
developed  for  detailed  assessment  of  modes  of  action  or 
deleterious  effects  of  chemical  compounds  in  use  or  under 
consideration  for  military  drug  applications.  A  specific  area  of 
current  investigation  is  the  hemolytic  potential  of  primaquine  and 
its  analogues  in  persons  with  deficiency  in  gl ucose-6-phosphate 
dehydrogenase  (G6PD).  G6PD  deficiency  is  an  important  military 
problem.  It  is  common  among  people  of  Mediterranean  and  Oriental 
origins,  and  occurs  in  approximately  10*  of  American  Black 
males.  Primaquine  is  currently  the  only  drug  available  for 
treatment  of  tissue  stages  of  vivaz  malaria. 

OBJECTIVES: 


The  objective  of  research  just  completed  was  to  investigate 
the  use  of  a  3-hour,  in  vi t ro ,  radiorespi rometric  micro-test  for 
the  rapid  evaluation  of  the  potential  hemolytic  toxicity  of  new 
anti -mal ’rials  undergoing  drug  development.  The  hypothesis  of  the 
study  was  as  follows:  Radi orespi rometri c  in  vitro  tpsts  for 
quantitative  measurement  of  erythrocyte  hexose  monophosphate  shunt 
(HMS)  activity  would  provide  a  rapid  and  quantitative  assessment 
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of  the  oxidative  drug  challenge  to  the  human  erythrocyte  (RBC).. 

This  hypothesis  was  based  on  previously  puhl i shed  work  indicating 
a  direct  canse-and-ef feet  relationship  between  oxidative  drug 
challenge  to  RBC  and  hemolytic  drug  toxicity.  Unfortunatel y , 
previously  published  work  and  the  above  hypothesis  were  determined 
by  our  studies  to  be  suhstanti al 1 y  in  error,  i.e.,  hemolytic 
toxicity  of  pri maqui ne-rel ated  anti nal ari al s  is  NOT  DUE  to  an 
overwhelming  drug-related  oxidative  challenge  to  the  erythrocyte. 

PROGRESS: 

In  addition  to  the  above  mentioned  radi orespi rometri c  micro- 
test,  the  following  tests  were  used  to  collect  information  on  RBC 
physiologic  response  to  druqs  in  both  normal  and  G6P0-def i ci ent  RBC: 

TEST 


1.  Radi  orespi rgmetric 


2,  NADPH-dependent  di a 
phorase  activity; 


3.  Proteolytic  activity 
of  RBC 


Throuqh  use  of  the  aforementioned  tests  and  a  variety  of  known, 
non-primaquine,  oxidant  drugs,  including  sodium  .nitrate  and 
phenyl hydrazi ne  and  nonoxi di zi  ng,  nonprimaquine  drugs,  methylene 
blue  and  methylene  blue-like  compounds,  it  was  possible  to 
distinguish  drugs  of  several  types: 

Type  1  -  Oxidatively  Injurious  Compounds: 

These  compounds  induced  a  lS-Ph  fold  elevation  of  HMS 
activity  and  promoted  the  activity  of  a  RBC  proteolytic  system 
which  is  known  to  degrade  oxioately  denatured  protein.  These  two 
processes  appear  quantitatively  related.  Glutathione  redox 
reactions  coupled  to  the  HMS  afford  the  prythrocyte  primary 
protection  against  oxidative  attack  and  are  known  to  ho  nearly 


PHYSIOLOGIC  PARAMETER  MFASURED 

1.  RBC  HMS  activity  measured  hy 

following  the  catabolism  ofO(l-  Cl 

U.lUP0'’?  and. Of?-1  Cl  glucose 
fHMS  recycling  to  j 

2.  RRC  diaphorase  II  enzyme  activity 
measured  by  following  the  decrease 
in  NADPH  dup  to  this  enzyme  activity 
ovpt  time; 

3.  RRC  proteolysis  measured  hy 
following  free  tyrosine  and  tyraminp 
fluorescence  increase  with  time. 
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i. 


inactive  at  maximal  HMS  activity  levels.  Proteolytic  activity  was 
not  detected  until  HMS  activity  levels  approached  maximum.  This 
observation  substantiates  the  hypothesis  that  oxidative  stress  and 
HMS  activity  are  in  a  cause-and-ef feet  relationship.  The 
"oxidatively  injurious  compounds"  are  nitrite  and 
phenylhyrirazi ne.  These  compounds  were  relatively  inactive  in 
causing  diaphorase  oxidation  of  NAOPH. 

Type  II  -  Methylene  Blue-like  Compounds; 

These  drugs  induced  a  25-45  fold  elevation  of  HMS  activity 
and  did  so  without  promoting  detectable  levels  of  RBC  oxidative 
proteolysis.  Drug  concentrati ons  3  to  8  fold  in  excess  of  those 
required  for  maximal  HMS  activity  failed  to  induce  RBC 
proteolysis.  These  drugs  were  relatively  potent  activators  of  the 
di  aphorase-medi ated  oxidation  of  NAOPH.  It  thus  appears  that  this 
type  of  drug  effect  upon  the  HMS  is  related  to  diminished  NAOPH 
levels  and  NOT  upon  the  glutathione  defense  system  against 
oxidation.  The  "methylene  blue-like  compounds"  include: 
methylene  blue  chloride,  primaquine,  5,6-dihydroxy  primaquine,  8- 
ami no-5,6-dihydroxy  quinoline,  and  8-ami no-6-hydroxy  quinoline. 

The  hydroxylated  primaquine  analogs  are  putative  primaquine 
metabolites.  These  druqs  clearly  do  NOT  elevate  HMS  activity  as  a 
consequence  of  oxidative  attack. 

CONCLUSIONS: 

1.  Elevation  of  HMS  activity  can  NOT  be  used  as  a  criterion  by 
which  the  hemolytic  potential  of  primaquine-like  candidate 
anti mal ari al s  may  he  predetermined. 

2.  The  oxidative  activity  of  primaquine  and  hydroxylated 
primaquine  analogs  in  intact  RBC  in  vitro  is  very  similar  to  that 
of  methvlene  blue.  Since  methylene  blue  is  nontoxic  to 
primaquine-sensitive  individuals,  it  appears  that  the  hemolytic 
toxicity  of  primaquine  is  unrelated  to  its  oxidative  activity  in 
RBC. 

3.  Maximal  lev«ls  of  HMS  activity  appear  to  he  required  for 
oxidant-induced  degradation  of  RBC  proteins.  Since  primaquine- 
induced  HMS  activity  in  vi vo  has  been  estimated  to  be  only  0.2 
fold  above  baseline  (Welt,  et  al .  Ann.  NY  Acad.  Sci.),  its 
oxidative  effects  in  vivo  appear  almost  trivial  in  comparison  to 
those  required  to.  cause  cell  injury  in  vitro. 
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FUTURE  OBJECTIVES: 

Not  applicable;  this  work  unit  is  t.ermi  nated  wi  th  this  final  report. 
PRESENTATIONS: 
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23.  (U)  Develop  techniques  for  coupling  toxins  to  monoclonal  antibodies  such  that  the 

toxins  are  Internalized  by  and  kill  only  cells  or  parasites  against  which  the  anti¬ 
bodies  are  directed.  Cell  directed  toxins  have  potential  for  treatment  of  militarily 
Important  parasite  and  viral  Infections;  disorders  of  immune  regulation  following 
trauma,  exposure  to  radiation  or  chemicals;  and  in  transplantation.  An  understanding 
of  toxin  entry  and  biochemistry  is  critical  and  relevant  in  design  i.ng  str:tigies  for 
defense  against  biological  warfare. 


24.  (U)  Toxins,  such  as  ricin,  following  chemical  modification  or  removal  of  their 
cell  binding  (B)  regions  will  be  coupled  to  monoclonal  antibodies  agj'nst  .ells  and 
parasites.  Intracellular  toxins  with  no  B  region,  such  as  gelonin,  will  also  he 


coupled  to  antibody, 
ntry  and  death. 


Modification  and  coupling  procedure,  will  he  optimi’ed  for  cell 


.  (U)  82  10-83  09  A  technique  for  purification  of  the  A  fra  gru  nt  ot  ricin  us  Ini; 

noclonal  antibodies  is  in  the  development  stag-  ton-ao 1 oua 1  antibodies  against  ricin 
chain  have  been  made.  Monoclonal  anti  A  chain  .  tibodies  have  been  used  for  affinity 
urification  of  A  chain  which  is  an  essential  component  for  coupling.  Iiiese  monoclonal 
ntibodies  have  potential  therapeutic  potential  for  ricin  Intozlf lent  ion  and  diagnostic 
alue  for  rapid  ricin  identification.  ‘or  technical  report  see  Walter  Reed  Army  In¬ 
titule  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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Project  3A161101A91C 
RESEARCH 


IN-HOUSE  LABORATORY  INDEPENDENT 


Work  Unit  124:  Development  of  Specific  Cell  Directed 
Antibody-Toxin  Conjugates 

Investigators: 

Principals:  Samuel  B.  Formal,  Ph.D. 

COL  Jerald  C.  Sadoff,  MC 


P  rogress 


We  have  learned  that  immunotoxins  constructed  by 
coupling  monoclonal  antibody  to  Picin  A  fragment  have  cell 
and  animal  toxicity  related  to  contamination  with  B 
fragment.  Affinity  purified  A  fragment  using  polyclonal 
anti-A  sera  was  therefore  obtained-.  This  A  fragment  had 
no  toxicity  in  mice  at  a  u g /  o >  1  s e  dose.  Mice  were 
immunized  with  purified  A  fragment  and  9  monoclonal 
antibodies  have  been  found,  cloned  and  produced  as  ascites 
fluid  in  mice.  These  mono-:  Iona  I3  have  specificity  for  A 
fragment.  Several  of  t h e m  bind  to  A  fragment  in  a  Western 
Blot.  Each  of  them  are  being  evaluated  for  their 
potential  in  affinity  purification  c  f  A  fragment  and  in 
mouse  protection  studies.  We,  therefore,  have  developed 
reagents  which  allow  us  tc  provide  absolute  identification 
of  ricin  in  biological  samples. 

Future  Plans 


ILIR  projects  run  only  R  years...  W°  w.ll  continue  our 
investigations  at  a  reduced  level-  We  will  investigate 
whether  conjugates  consisting  of  ce1!  surface  monoclonal 
coupled  to  anti  A  chain  monoclonal  whi-’h  is  bound  to  Ricin 
A  chain  can  effectively  deliver  A  chain  inside  the  cell. 
We  will  couple  Picin  A  chair,  to  non  scion  al  antibodies 
against  parasite  surface  antigens  'trypanosomes)  ,  and 
evaluate  toxicity. 
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(U)  Rickettsial  Diseases;  (U)  Vaccine;  (U)  it*ucture  -  Antigenicity 
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23.  (U)  The  morbidity  that  occurred  among  l1  r  troops  infected  with  scrub  typhus  both 
in  World  War  II  and  Vietnam  is  well  recognized.  At  present,  while  we  know  chat  prior 
infection  leads  to  solid  homologous  immunity,  ,■•»  do  not  know  the  nature  of  immunologi- 
cally  important  components  of  this  organism.  These  studies  3rc  directed  at  developing 

a  vaccine  to  protect  troops  deployed  throughout  the  Far  East. 

2 4 .  (U)  Current  technologies  will  be  used  to  isolate  intact  scrub  typhus  organisms 
from  the  bulk  of  eucaryotic  cell  membranes  bv  a  variety  of  non-denaturing  and  non¬ 
destructive  techniques  incorporating  a  gentle  process  simultaneously  coupling  centri¬ 
fugation  and  counterflow  to  isolate  the  intact  rickettsiae  from  the  host  cell  membranes 
and  their  deg rada c i ve  enzymatic  components.  The  isolated  organisms  would  then!  selec¬ 
tively  he  f race ionuced  into  its  components  by  high  pressure  liquid  chromatography  which 
iut'cn  w  aid  be  evaluated  for  immunodom in.ance . 
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|  23(U)  The  objective  will  be  to  follow-up  the  observations  of  Holaday  and  Faden  of  the 
WRAIR  that  endorphin  antagonists  such  os  naloxone  can  reverse  the  hypotension  of  hypo¬ 
volemic  shock  in  the  rac.  This  suggests  that  endorphins  play  a  role  in  the  pathophysi¬ 
ology  of  shock..  This  role  has  been  confirmed  in  endotoxin  shock  as  well  as  in  hypo¬ 
volemic  shock,  and  in  dogs  and  pigs  as  well  as  rats.  The  mechanism  by  which  they  pre¬ 
serve  blood  pressure  is  unknown:  in  some  situations  they  raise  vascular  resistance  and 
in  others  they  do  not.  There  is  military  relevance  in  this  research. 

2i(U)  The  objective  will  be  to  utilize  radioactive  microspheres  in  a  rabbit  system  for 
measuring  regional  blood  flou.  This  system  has  been  developed  in  the  Division.  It 
will  be  used  to  evaluate  the  effects  of  various  endorphins  and  their  antagonists  on 
regional  blood  flow  in  normal  rahbirs  and  on  rabbits  in  hypovolemic  shock.  This  work 
will  benefit  from  collaboration  with  Dr.  John  Holaday  of  the  Division  of  Neuropsychia¬ 
try,  WRAIR. 


25 (U)  New. 


RESEARCH  ANO  TECHNOLOGY  WORK  UNIT  SUMMARY 


HUI 


I.  Tlft|  *Mt  (•■aN'T  ()•••'*<«<(«■  C'A'f' 

(U)  Modes  of  Action  of  Antiparasitic  Drugs 


**.  ICi<«  TI**C  A- •  MC"*«L04lCtL  MUr 

002600  8io!ogy  012600  Pharmacology 


0 


.  CW»»»CI/»*A«I 
*  SArit/tfMCTIVf) 


4  AMOgafi 
f.  C  UU.  AuT, 


1,  WO  0*«A<HlAriO« 


U  -3 

wj 

ao 

CO 

8U 

0.5 

50 

jw.  »»©»» 

ja«aa«:4  n  -  ~  -J 


"*"*  Walter  Reed  Army  Institute  of  Research  Walter  Reed  Army  Institute  of  Researcl 

Washington,  DC  20307  -  £is^g°tonf  BW1^1  Therapeuti< 


TOP,  F  i! 


Foreign  Intelligence  Considered 


IM  Vf  I  f  **A  fO«  I.  «T  |.  4  **>«  •<* 

■« •»•««< •*««•*  Reid,  W  A 

TOP,  F  H  (301  )  427-5029 

tly<R«Oa|i  (  ?H7  ]  '5^6*  3  SSI  *°C,4V  J<cw«4»v  *CCOv«f 

I*.  •  «««•*«.  w««  A»»00*M  ••¥««»»••  to«« 

Foreign  Intelligence  Considered  Jackson,  J  E 

por:n, 


. .<•*—•*« . (u)  Mechan1sfn  of  Action;  (U)  Laboratory  Models; 

U)  Bioloav:  (U)Pharmacoloav:  (U)Side  effects:  (U) Mpthodnl nav *.  fill  Parasitic  niseasec 


TICxoiCAC  OiiltTivt,'  I*  »»#"«*<*,  li  »*o<A(w  t '  -•  i<««  •#  «•«*  x  •  !.««<•>  (iMOfttHw  j 

23.  (U)  Development  of  new  procedures  to  assess  efficacy  of  candidate  antiparasitic 
drugs,  investigation  of  modes  of  activity  of  drugs  and  development  of  techniques  to 
examine  host  or  parasite  responses  which  may  enhance,  limit  or  preclude  the  develop¬ 
ment  of  the  candidate  drugs.  There  is  military  relevance  in  this  research. 


24.  (U)  Compounds 
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which  show  enhanced  as  unusual  activity  against  parasite',  against 
been  tested  previously  or  compounds  which  show  unexpected  results 
t  regimens  or  in  combination  with  other  compounds  will  be  studied 
established  laboratory  models  and  technical  procedures  or  spec- 
techniques.  Modified  or  new  procedures  will  be  evaluated  for  in- 
e  overall  program.  Procedures  will  be  developed  for  detailed  study 
of  compounds  on  metabolic  and  structural  processes  of  parasites 
that  limits  of  application  of  compounds  as  drugs  may  bo  determined 
r  drug  intervention  may  be  recognized. 
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23-  (U)  The  technical  objectives  are:  ( i  )  to  sere  n  human  bybridomaa  for  product  ion  or 

naturally  occurring  anti- idiotypic  anti  bod  to.-,  d  i  against  Idiotypic-  .j.-t.  rmhmnt.s 

on  anti-dengue  immunoglobulins;  (2)  to  produce  and  purify  those  ant  i  -  id  iot.ypl anti  hod ic 
in  quant  i  ty ;  (3)  to  purify  from  serum  tin*  corr.-sp.-nciinc'.  set  of  ant  i -dengue  anl  ibodies 
bearing  these  idiotypic  determinants;  ( h )  to  develop  immunoassays  for  detection  and 
quantitation  of  both  the  set  of  idiotyfx.— bearing  anl  i -dengue  antibodies  and  the  corres¬ 
ponding  anti-idlotype  antibodies;  (5)  to  determine  the  kinetics  of  both  the  idiotype 
bearing  anti-dengue  antibodies  and  the  anti-idlotype  antibodies  during  natural  dengue 
infections  in  human,  and  (6)  to  determine  if  exogenously  added  autologous  monoclonal 
anti-idlotype  can  regulate  the  production  of  idiotype  bearing  ant i bod 1 -a  by  in  vitro 
cultures  of  peripheral  blood  monoclonal  leukocyt.es  from  humans  with  acute  dengue  virus 
Infection.  There  is  a  military  requirement  for  research  leading  to  a  better  und<-rrta:idii 
of  the  antibody  response  to  acute  dengue  virus  infection.  These  infections  represent  a 
serious  hazard  to  troops  operating  in  tropical  areas. 

21!.  (U)  Conventional  virological  and  Immunological  techniques  will  be  utilized  ,-ind 
modified  as  required. 

?5.  (U)  82  10  -  83  09  In  order  to  identify  dengue  antibody  producing  cells  in  human 
blood  sensitive  test  was  developed  that  can  hr  comnl . ■  t ,r-d  overnight.  A  human  myeloma 
cell  line  was  obtained  and  the  optimum  conditions  for  growth  at  various  rates  was 
determined.  Fusions  between  the  myeloma  ceils  and  the  antibody  producing  cells  are  in 
progress  and  should  provide  immortal  human  cell  hybrids  that  continue  to  secrete 
antibodies.  For  technical  report  see  Walter  [b  ed  Army  Institute  of  R-i  e-ir-ch  Progress 
Report,  1  Oct  82  -  30  Sep  83. 
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Project  Number: 
Title : 

Work  Unit  Number: 


3A161101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Regulation  of  the  Human  Immune  Response  to 
Dengue  Virus  Infection  by  Auto  Anti-Idiotypic 
Antibodies 
128 


PROBLEM:! 


The  technical  objectives  are: 


1.  |  To  screen  human  hybridomas  for  production  of  naturally 
occurring  anti-idiotypic  antibodies  directed  against  idiotypic 
determinants  on  anti-dengue  immunoglobulins. 


2.  j  To  produce  and  purify  these  anti- idiotypic  antibodies  in 
quantity. 

I 

3.  !  To  purify  from  serum  the  corresponding  set  of  anti-dengue 
antibodies  bearing  these  idiotypic  determinants. 

4.  !  To  develop  immunoassays  for  detection  and  quantitation  of 
both  the: set  of  idiotype-bearing  anti-dengue  antibodies  and  the 
corresponding  anti-idiotype  antibodies. 

i 

5.  j To  determine  the  kinetics  of  both  the  idiotype  bearing 
anti-dengue  antibodies  and  the  anti-idiotype  antibodies  during 
natural  dengue  infections  in  human. 

6.  ! To  determine  if  exogenously  added  autologous  monoclonal 
anti-idiotype  can  regulate  the  production  of  idiotype  bearing 
antibodies  by  in  vitro  cultures  of  peripheral  blood  monoclonal 
leukocytes  from  humans  with  acute  dengue  virus  infection.  There 
is  a  military  requirement  for  research  leading  to  a  better  under¬ 
standing  of  the  antibody  response  to  acute  dengue  virus  infection. 
These  infections  represent  a  serious  hazard  to  troops  operating 

in  tropical  areas. 

METHOD :  Conventional  virological  and  immunological  techniques 

will  be  utilized  and  modified  as  required. 

PROGRESS :  Satisfactory  conditions  for  production  of  stable 

hybridomas  have  been  determined.  Four  fusions  of  continuous 
UC729-6  lymphoblastoid  cells  with  peripheral  blood  mononuclear 
cells  obtained  from  dengue  hemorrhagic  fever  patients  have 
produced  35  viable  clones  of  hybrid  cells.  Nineteen  of  these 
hybrid  clones  produced  IgM  and  one  produced  IgG.  Eight  of  the 
IgM  producing  clones  are  stable  and  have  been  grown  in  continuous 
culture  for  more  than  three  months.  Antibodies  produced  by  all 
eight  of  these  clones  do  not  react  directly  with  intact  virions. 
Further  characterization  of  these  antibodies,  and  additional 
fusions,  are  in  progress. 
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FUTURE  OBJECTIVES:  This  study  is  yeiling  interesting 
results  and  plans  are  to  continue  it  for  an  additional 
year. 
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23.  (U)  To  determine  the  efficacy  of  hormones  in  protecting  an  organ  system  from 
exposure  to  toxic  chemicals  or  radiation.  If  it  is  possible  to  protect  reproductive 
organs  of  animals  by  hormonal  suppression,  it  may  also  be  possible  to  protect  gonads 
of  troops  if  they  are  exposed  to  chemicals  of  a  similar  nature  or  to  radiation.  The 
ability  to  protect  gonads  of  patients  undergoing  chemotherapy  or  irradiation  is  also 
significant . 

2a.  (U)  Procedures  include:  small  laboratory  animal  models  exposed  to  radiation  or 
chemicals;  histopathologic  processing  oi  tissues;  radioimmunoassay  of  serum  hormone 
levels. 

25.  (U)  82  10  -  83  09.  Experiments  have  been  conducted  using  levels  of  radiation  or 
cytotoxic  chemical  which  were  shown  in  pilot  studies  to  cause  significant  gonadal 
damage  without  mortality.  In  female  mice,  treatment  with  a  hormone  prior  to  irradiation 
of  the  gonads  had  no  protective  effect  at  the  levels  ot  radiation  and  hormone  used, 
in  one  experiment  with  cyclophosphamide,  a  majority  o"  the  animals  died  even  though 
the  drug  dose  had  not  caused  any  deaths  in  pilot  studies.  It  was  discovered  that  the 
mice  were  carrying  an  infection  present  in  the  Walter  Keed  colony.  The  experiment  has 
been  repeated  in  uninfected  mice  and  histological  analyses  are  in  progress.  Although 
hormonal  treatment  at  the  levels  used  did  not  prevent  irradiation  damage,  it  may  prove 
effective  against  cytotoxic  drugs  because  the  mechanisms  of  damage  nav  be  different. 

For  technical  report  see  Walter  Keed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  82  -  30  Sep  83. 
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Project  3A161101A91C:  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


Work  Unit  129  Protection  of  Gonadal  Junction  from  Cytotoxic  Therapy 

Investigators  COL  William  H.  Crosby,  MC;  LTC  Daniel  G.  Wright,  MC 
Mary  Cutting,  MS 

Description 

The  purpose  of  this  work  unit  is  to  study  the  efficacy  of  hormones  in 
protecting  an  organ  system  from  exposure  to  toxic  chemicals  or  radiation.  The 
concepts  explored  in  these  studies  are  relevant  to  the  protection  of  troops  who  may 
be  exposed  to  toxic  chemicals  or  radiation.  If  it  is  possible  to  use  hormones  to 
protect  the  reproductive  organs  of  animals  from  cytotoxic  damage,  it  may  also  be 
possible  to  protect  the  gonads  of  troops  exposed  to  cytotoxic  agents.  The 
protection  of  gonads  of  patients  undergoing  chemotherapy  or  radiation  treatments  is 
also  an  important  problem  addressed  by  these  experiments.  This  work  has  broad 
relevance  in  that  it  may  provide  a  general  model  to  study  the  protection  or  organ 
systems  against  the  actions  of  various  toxic  agents. 

We  have  used  the  mouse  reproductive  system  as  a  model.  We  conducted  pilot 
studies  to  determine  levels  of  exposure  to  radiation  or  the  cytotoxic  drug 
cyclophosphamide  which  cause  significant  damage  to  the  gonads  of  male  of  female 
mice.  Damage  is  determined  by  histological  quantitative  analyses  of  gonadal 
tissue.  With  the  information  on  effective  doses  gained  from  pilot  studies, 
experiments  have  been  undertaken  in  which  some  animals  are  treated  with  hormones 
prior  to  irradiation  or  cyclophosphamide  treatment.  These  mice  are  compared  with 
those  receiving  no  hormones  to  determine  if  the  hormones  protect  the  gonads  from 
radiation  or  cyclophosphamide-induced  damage. 

Progress 

Female  mice  treated  with  a  hormone  prior  to>  irradiation  of  the  gonads  showed  no 
protective  effect  of  the  hormone.  Damage  to  the  ovaries  was  comparable  to  that 
observed  in  mice  not  receiving  the  hormone.  Studies  with  cyclophosphamide  were 
initially  hindered  when  a  majority  of  the  experimental  animals  died  due  to  a 
bacterial  infection  in  the  Walter  Reed  mouse  colony.  The  experiments  have  now  been 
completed  in  both  males  and  females  and  histological  analyses  are  in  progress. 
Results  of  these  studies  will  be  important,  because  the  mechanisms  of  damage  from 
radiation  and  cytotoxic  drugs  may  be  different,  and  the  effectiveness  of  the  hormone 
treatments  may  be  determined  by  the  way  in  which  damage  occurs. 

Future  Plans 

During  the  third  year  of  this  ILIR  work  unit,  long-term  experiments  will  be 
conducted  to  determine  whether  recovery  of  gonadal  function  occurs.  The  assessment 
will  bee  made  on  the  basis  of  both  histology  and  fertility  studies. 
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23.  (U)  The  technical  objective  of  this  work  unit  was  to  construct  and  test 
“immunotoxins"  consisting  of  enzymatic  subunits  from  toxin  proteins  cov&lently 
conjugated  to  monoclonal  antibodies  specific  for  cell  surface  antigens  of  parasitic 
organisms,  such  as  Trypanosoma  rhodesl *»psr .  The  goal  would  be  eventually  to  provide 
reagents  for  adjunctive  tnerapy  of  parasitic  infections  Ui  ri-uU-ri  in/'  military  troop:1.. 

24.  (U)  Currently  available  monoclonal  antibodies  and  toxins  are  utilized  for 
experiments.  The  toxic  plant  protein  ricin  and  its  enzymatic  A  subunit  are  used. 
Monoclonal  IgG  antibody  specific  for  parasitic  cell  surface  antigens  is  derivatized 
with  N-succlnimidyl-3-(2-pyridyldithio)  propionate  (SPDP)  to  provide  covalent 
linkage  of  the  antibody  to  the  toxin.  The  resulting  bond  is  a  disulfide  linkage 
which  can  be  easily  cleaved  intracellularly  after  uptake  of  the  conjugate.  The 
hybrid  protein  is  purified  by  HPTC  gel  permeation  techniques  from  the  mixture  of 
components  in  the  conjugation  reaction  mixture.  The  resulting  purified 
"immunotoxins"  can  be  tested  for  efficacy  and  specificity  in  parasite  cell 
culture.  It  was  expected  that  numerous  preparations  would  have  to  be  tested  since 
not  all  cell  surface  antigens  would  facilitate  receptor-mediated  endocytosis  of  a 
bound  ligand. 

25.  (U)  83  10-83  06  This  work  unit  has  been  terminated.  Experimental  protocols 

were  standardized  for  synthesis  of  the  intermediate  protein  products,  SPCP- 
immunoglobulin  G  and  SPDP-ricin,  and  for  the  final  protein  cojugate,  IgC-S-S- 
Rlcin.  Condition  were  determined  for  the  recovery  of  this  conjugate  from  the 
reaction  mixture  by  gel  permeation  UPLC.  For  technical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Program  Report  1  Oct  82  -  30  Sep  83. 
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PROBLEM: 

New  strategies  which  would  be  useful  in  effectively  combating 
parasitic  diseases  of  military  interest  are  needed.  We  have  given 
consideration  to  an  alternative  approach  whereby  a  toxin  or  toxin  subunit 
would  be  linked  covalently  to  a  parasite-specific  monoclonal  antibody 
thereby  producing  a  complex  which  is  not  only  toxic  but  also  highly 
selective.  The  basic  philosophy  is  to  use  a  carrier  molecule,  the 
function  of  which  is  to  bind  selectively  to  the  target  covalently  attached 
to  a  'warhead'  which  enzymatically  kills  or  modifies  the  target  cell. 

1 .  Preparation  of  Immunutoxin  Conjugates. 

Current  therapies  useful  in  tropical  medicine  appear  to  contain 
inherent  difficulties.'  Two  central  problems  in  parasitic  chemotherapeutic 
are  (a)  the  lack  of  selectivity  of  present  anti-parasitic  drugs  and  (b) 
the  emergence  of  drug-resistant  strains.  Likewise  the  limited  success  of 
immunologic  approaches  reflects  (a)  the  complex  defense  mechanisms 
developed  by  parasites,  (b)  the  lengthy  period  required  for  the  body  to 
amount  a  full-fledged  immune  response,  and  (c)  the  inherent  intracellular 
natue  of  some  parasites. 

Interest  in  the  preparation  of  cell-specific  cytotoxic  agents  has 
recently  increased  for  two  reasons.  First,  the  hybridoma  cell-culture 
technique  permits  the  production  of  large  amounts  of  monoclonal  antibodies 
to  a  large  variety  of  cell-surface  antigens.  Second,  the  extreme  toxicity 
of  certain  bacterial  and  plant  toxins  -  a  single  molecule  may  kill  a  cell 
-  might  compensate  for  the  small  amount  of  complexes  accumulating  in  a 
parasite, cell. 

Successful  demonstration  of  this  "immunotoxin"  approach  has  already 
been  achieved  _in  vitro  and  in  vivo.  Several  extensive  reviews  are  now 
available.  Application  of  an  "immunotoxin”  therapy  to  diseases  of 
tropical  medicine  could  hold  great  promise.  At  a  minimum  this  approach 
should  eventually  provide  a  useful  adjunct  to  currently  employed  chemo-  or 
imrauno-  therapeutic  regiments.  Monoclonal  antibodies  which  have  been 
prepared'  at  the  WRAIR  have  been  utilized  for  initial  experiments.  The 
toxic  plant  protein  ricin  was  used  since  (a)  the  molecular  mechanism  is 
understood  and  (b)  feasible  methods  exist  to  separate  quantitatively  the 
enzymatic  subunit  from  che  binding  poly-peptide.  Other  well-characterized 
toxins  which  could  be  used  are  diptheria  toxin,  abrin,  pseudomonas 
exotoxin  A,  cholera  toxin  and  Shiga  toxin.  "Immunotoxin"  conjugates  to  be 
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constructed  first  will  employ  monoclonal  antibody  specific  for  Trypanosoma 
rhodesiense,  because  this  organism  is  essentially  an  extracellular 
parasite. 

Experimental  protocols  were  standardized  for  synthesis  of  the 
intermediate  protein  products,  SPDP-immunoglobulin  G  and  SPDP-ricin,  and 
for  the  fenal  protein  conjugate,  IgG-S-S-Ricin . 

These  procedures  are  outlined  as  follows: 

1.  Apply  the  IgC  preparation  (1-10  mg/ml)  to  a  Sephadex  PD- 10  column 
containing  Sephadex  G-25,  equilibrated  with  sodium  phosphate  buffer  (0.1M, 
pH7.5)  containing  0.1  M  NaCl. 

2.  Dissolve  N-succinemidyl-3-(2-pyridyl  dethio)  propiorate  (SPDP, 

Pharmacia  Fine  Chemicals)  in  ethand.  Add  SPDP  to  the  IgG  solution  to 
achieve  a  10-fold  molar  excess  of  SPDP.  React  for  30  minutes  at  23°C  with 
gentle  stirring. 

3.  Apply  the  mixture  to  a  fresh  PD-10  column  containing  Sephadex  G-25 
equilibrated  with  sodium  acetate  buffer  (0.1M  pH  4.5)  containing  0.1M 
NaCl . 

4.  Immediately  proform  step  1-3  for  ricin  except  that  the  derivatized 
ricin  mixture  is  applied  to  a  PD-10  colmin  containing  the  sodium  phosphate 
buffer. 

5.  Add  dithiothreitol  (1M)  to  the  derivatized  IgG  preparation  to  achieve 
a  final  concentration  of  50  mM.  React  for  20  minutes  at  23°C. 

6.  Recover  the  theolated  IgG  by  applying  to  a  fresh  PD10  column 
equilibrated  with  the  sodium  phosphate  buffer. 

7.  Immediate  mix  the  thiolated  IgG  and  2-pyridyl  disulphide  containing 
ricin.  Allow  reaction  of  proceed  for  30  minutes  at  23°C. 

Procedures  were  established  for  the  recovery  of  this  conjugate  from 
the  reaction  mixture  by  sequential  chromatography  on  Sepharose  4B  and  gel 
permeation  HPLC.  The  mixture  is  first  applied  to  a  10  ml  Sepharose  4B 
column  equilibrated  with  the  sodium  phosphate.  Since  ricin  binds  to 
lactose  residues  of  this  gel,  IgG  conjugates  and  monomeric  IgG  are  quickly 
separated.  Unreacted  ricin  and  IgG-ricin  conjugate  are  recovered  by 
elution  with  sodium  phosphate  buffer  containing  0.1M  lactose. 

Fractionation  of  the  conjugate  from  ricin  is  performed  by  gel  filtration 
HPLC  on  a  waters  HPLC  system  using  a  BioRad  TSK400  column  in  series  with  a 
Waters  Assoc  1125  column.  Eluction  was  carried  out  at  1  ml/min  with  0.1M 
sodium  phosphate,  pH7.2.  Ricin  (Mr=60,000)  is  quantitatively  separated 
from  comjugate  (Mr=210, 000) .  Isolated  conjugate  is  then  available  for 
physical /chemical  characterization,  or  for  testing  of  biological  efficacy 
and  specificity. 

This  work  unit  is  termintated  and  merged  into  124.,  DA  OG  7010.  Therefor 
this  is  a  final  report. 
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23.  (U)  To  describe  and  understand  biochemical  differences  between  human  host  red  blood 
cells  and  malaria  parasites  in  order  to  define  metabolic  targets  for  the  design  of  new, 
specific  chemotherapy.  Development  of  new  antimalarial  chemotherapy  is  of  major  cur¬ 
rent  and  historical  military  importance  because  of  needs  to  station  or  deploy  military 
personnel  in  regions  of  the  world  where  malaria  is  endemic.  Because  the  emergence 
chloroquine-resistant  malaria  is  increasing  around  the  world,  it  has  become  particu¬ 
larly  important  to  identify  alternate  chemotherapy  th3t  circumvents  chloroquine  resis¬ 
tance.  Our  approach  to  this  problem  is  to  define  basic  differences  in  biochemical  and 
metabolic  pathways  necessary  for  growth  or  maintenance  of  normal  function  that  distin¬ 
guish  normal  red  blood  cells  (RBC)  and  RBC  infected  with  Plasmodium  faLciparum,  the 
major  malaria  pathogen  in  humans.  Strategies  may  then  be  developed. to  exploit  such 
differences  In  the  obligatory  metabolism  of  malaria  parasites  and  the  normal  RBC  to 
design  malaria  specific  anti-metabolites. 

24.  (U)  Laboratory  studies  include  measurement  of  (1)  intermediates  and  enzyme  levels  of 
polyamine  metabolism;  (2)  intermediates  and  enzymes  of  purine  and  pyrimidine  salvage 
and  interconversion  pathways;  (3)  enzymes  mediating  metnylation  reactions;  (A)  effects 
of  selected  antimetabolites  on  these  biochemical  pathways.  High  performance  liquid 
chromatography  and  suspension  tissue  culture  of  human  RBC  infected  with  P ■ falciparum  in 
vitro  and  radiolaboling  studies  with  metabolic  precursors  are  major  components  of 
technical  approach. 

25.  (U)  New- 
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23. (11)  To  define  effective  mechods  to  increase  resistance  against  acute  cyanide  poison¬ 
ing  using  an  experimental  canine  model.  In  developing  strategies  for  medical  defense 
against  rapidly  .lethal  chemical  agents  such  as  hydrogen  cyanide  gas,  which  troops  may 
encounter  on  the  modern  battlefield,  chemical  prophylaxis  is  an  important  considera¬ 
tion  since  combat  conditions  may  prevent  effective  treatment  once  symptomatic  intoxi¬ 
cation  has  occurred.  Agents  with  proven  anti-cyanide  effects  in  vivo  which  do  not 

|  themselves  produce  incapacitating  side  effects,  such  as  thiosulfate  and  c.obalamins  are 
!  .he  most  promising  candidates  for  cyanide-prophylaxis  regimens,  and  so  these  agents 
ara  to  be  studied  in  particular. 

24.  (U)  Laboratory  studies  involve  a  canine  model  in  which  female  foxhounds  are  moni¬ 
tored  for  respiratn -y  rate  and  effort,  arterial  blood  pressure,  heart  rate,  arterial 
p02>  pt02,  and  pH,  methemoglobin,  cyanomethemoglobin,  blood  and  urine  cyanide  anion 
levels.  These  ua-asurements  permit  calculation  of  the  ED50  for  cyanide  given  to  the 
animals  intraver oasly  or  by  inhalation  in  causing  discrete  cardiovascular/respiratory 
signs  of  early  c;  anide  toxicity,  and  they  allow  for  a  determination  of  the  protective 
effects  of  candidate  prophylactic  agencs:  hydroxycobalamin  and/or  sodium  thiosulfate. 

25.  (U)  New. 
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23  (U)  To  define  etiology  of  acute  Infectious  diseas.  .  of  special  hazard  to  military 
personnel,  to  determine  and  evaluate  factors  influencing  the  occurrence,  distribution, 
severity  and  medical  result  of  human  virus  Infections,  and  to  develop  means  for  reducing 
disability  due  to  virus  diseases. 

24  (U)  Contemporary  vlroloqlcal  and  Immunological  methods  are  applied  to  disease 
problems  occurring  in  troops  or  In  susceptible  civilian  populations  In  strategical  ly 
Important  areas.  New  conceptual  approaches  and  methods  are  developed  as  needed. 

25  (U)  82  10-83  09.  Antibody  dependent  Infection  enhancement  of  flavi viruses  was  studied 
with  dengue  and  Japanese  encephalitis  (JE)  viruses.  JF  virus  Is  enhanced  bv  IgM  antibody 
in  cerebrospl nal  fluid  of  encephalitis  patients.  Only  LIC-MK2  cells  used  at  the  WRA 1 R 
have  IgM  receptors  permitting  the  study  of  JE  enhancement  In  vitro.  An  alternative 
method  for  studying  infection  enhancement  of  dengue  viruses  usps  an  indirect  fluorescent 
antibody  test  of  Infected  cells  rather  than  Infectivltv  titrations.  Successful  in  vitro 
models  of  infection  enhancement  utilize  cell  adapted  dengue  virus,  low  multiplicity  of 
infection  and  cells  resistant  to  dengue  Infection  in  the  absence  of  antibody.  Wild 
strains  of  dengue  types  2  and  3  viruses  were  enhanced  readily  while  dengue  type  1  was 
not  indicating  nonuni formi ty  of  enhanci Dl 1 1 ty  in  vitro  as  there  se^ms  to  he  in  vivo. 
Chloroguine  selectively  Inhibits  dengue  viral  infection  via  Ec  receptors.  No  new  dengue 
vaccine  studies  were  started,  but  a  HORDES  assignee  demonstrated  that  one  dengue  immune 
volunteer  developed  natural  killer  cell  activity  against  dengue  virus.  A  col  1 ahorati vp  , 
study  with  NIH  and  Chicago  scientists  failed  to  incriminate  chlamydia  or  Ehrlichia  so  in 
the  etiology  of  Acquired  'immunodeficiency  Syndrome.  For  technical  rep«rt,  sec  Walter 
Reed  Army  Institute  of  Research  Annual  Report,  1  Oct  82  -  30  Sep  d,3. 
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Problems  and  Objectives 


Characterization  of  viruses  which  threaten  military  personnel 
Is  necessary  for  effective  disease  control.  Emphasis  Is  placed  on 
dengue  viruses,  but  other  viral  diseases  are  studied  when 
necessary.  Basic  research  on  dengue  viruses  Is  directed  toward 
evaluation  of  the  genetic  lesions  causing  attenuation,  the 
enhancement  of  virus  replication  by  antibody,  and  viral  reactivity 
with  monoclonal  antibodies.  Human  volunteer  studies  are  conducted 
to  evaluate  the  safety  and  Immunogeni cl ty  of  candidate  dengue 
vaccines. 


Japanese  Encephalitis  virus 


a.  Infection  Enhancement  by  IgM.  Additional  studies  were 
carried  out  on  IgM  Isolated  from  spinal  fluids  from  cases  of 
Japanes*  encephalitis  provided  by  LTC  I).  Burke,  AFRIMS.  The 
original  observation  was  the  Increased  int'ertlvlty  of  the  virus  for 
monkey  kidney  cells  when  the  virus  was  ojmplexed  with  spinal  fluid 
IgM.  An  Infection-enhancement  titer  was  defined  as  the  highest 
four-fold  dilution  that  increased  the  JE  virus  plaque  count  by  two 
fold.  Three  of  five  spinal  fluids  from  non-fatal  cases  had  no 
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enhancement  activity  on  the  first  hospital  day,  but  spinal  fluids 
taken  at  one  week  and  one  month  exhibited  infection-enhancement 
titers  as  high  as  1/10,240.  At  about  200  days,  infection- 
enhancement  titers  had  fallen  to  1/20  to  1/40.  The  corresponding 
serum  specimens  exhibited  enhancement  titers  of  up  to  1/2560  on 
either  the  first  hospital  admission  day,  or  at  one  week,  or  both; 
at  one  month,  neutral i zation  of  JE  virus  by  the  serum  samples  was 
observed.  Spinal  fluids  and/or  sera  from  six  fatal  cases  contained 
enhancement  activity  of  up  to  1/2560  on  the  day  of  death,  which 
ranged  from  the  first  to  the  eighth  hospital  day. 

Dilutions  of  antiserum  against  IgM  was  twice  as  effective  in 
precipitating  the  antibody-virus  complexes  as  antl-IgG,  supporting 
the  previous  data  that  the  factor  in  spinal  fluid  was  indeed  IgM. 
However,  the  precipitation  observed  with  antl-IgG  Indicates  that  a) 
there  may  be  a  cross  reaction  with  these  reagents  not  previously 
reported,  and  found  here  because  of  the  exquisite  sensitivity  of  an 
assay  system  based  on  a  single  infectious  unit,  or,  b)  aggregates 
of  IgG  might  be  contaml natl ng  the  19S  fraction  of  sucrose  gradients 
containing  IgM. 

The  previous  work  on  the  infection-enhancement  of  JE  virus  by 
IgM  was  carried  out  with  a  high  passage  laboratory  strain  of  JE 
virus.  A  recent  Isolate  of  JE  virus  from  the  brain  of  a  fatal 
human  case  was  shown  to  be  enhanced  by  spinal  fluid  IgM.  In 
addition,  virus  stocks  of  this  isolate  prepared  in  insect  ( Aedes 
albopictus)  cells,  monkey  kidney  (ILC-MK-)  cells,  and  in  sucFTTng 
mouse  braTn  were  all  enhanced  by  spinal  fluid  IgM.  Enhancing  IgM 
was  found  as  late  as  6  months  post-hospital  admission  in  the  non- 
fatal  cases,  whereas  the  enhancing  activity  in  serum  lasted  only  a 
few  weeks. 

Sheep  cells  coated  with  IgM  or  IgG  were  used  to  probe  for 
Immunoglobulin  receptors  on  various  cell  lines.  IgG  receptors  were 
found  only  on  a  macrophage  cell  line.  IgM  receptors  were  found 
only  on  WRAIR  LLC-MK_  cells.  Sublines  of  l.LC-MK,,  cells  cultured  in 
different  media  in  Bangkok  and  Hawaii  did  not  have  IgM  receptors, 
neither  did  neuroblastoma  or  glial  cell  lines.  We  conclude  that 
the  ability  to  demonstrate  Infection  enhancement  by  vi rus-speci f 1c 
IgM  antibodies  Is  due  to  a  cell  surface  component,  on  a 
subpopulation  of  one  line  of  IIC-MK-  cells  that  specifically  binds 
IgM.  £ 

b.  Immune  response  to  a  killed  Japanese  encephalitis  vaccine 
produced  in  Japan.  Deaths  due  to  infection  oy  Japanese 
encephalitis  virus  prompted  the  use  of  Japanese  manufactured 
vaccines  In  field  laboratories  In  Southeast  Asia  and  li.S.  civilians 
visiting  China.  Antibodies  Induced  by  this  vaccine  In  humans 
neutralized  the  live  parent  virus  from  which  the  vaccine  was  made. 
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but  neutralized  very  little,  or  not  at  all,  the  laboratory  strain 
of  prototype  Nakayama  JE  virus  used  to  diagnose  JE  infections.  The 
vaccine-induced  antibodies  will  be  tested  for  their  ability  to 
neutralize  current  strains  of  JE  virus  from  S.E.  Asia.  Strains  of 
JE  virus  in  India  were  found  not  to  be  neutralized  by  the  vaccine 
antibodies  in  Indian  laboratories  (R.  Shope,  Yale,  Univ.,  personal 
communication).  Formulation  of  JE  vaccines  should  be  based  on 
immunologic  evaluation  of  currently  circulating  strains  of  JE 
virus. 


2.  IqG  antibody  enhancement  of  dengue-2  virus  in  human  monocyte 
cell  line 

Previous  studies  showed  that  only  monoclonal  antibodies 
directed  against  two  or  more  dengue  virus  serotypes  (therefore 
cross-reactive  antibodies)  form  a  complex  with  the  virus  in  such  a 
manner  as  to  Infect  cells  bearing  antibody  (Fc)  receptors. 
Antibodies  reactive  against  the  type-specific  neutralization 
determinants  of  tne  virus  did  not  produce  this  immunological 
enhancement  of  infection  phenomenon.  Thus,  vaccines  that  Induce 
antibodies  only  against  the  neutralization  determinant  may  be  safer 
If  they  do  not  prime  the  recipients  for  enhanced  secondary  dengue 
Infections.  These  studies  were  carried  out  at  a  multiplicity  of 
Infection  (MOI)  of  0.01  to  0.005  (one  infectious  unit  per  100  to 
200  monocytes).  The  recent  use  of  higher  multiplicities  of 
Infection  indicate  that  any  antibodies  that  bind  to  the  virus 
particle  enhance  the  ability  of  the  virus  to  Infect  monocytes  or 
Fc-receptor  bearing  cells.  However,  a)  monoclonal  antibodies 
directed  against  neutralization  determinants  must  be  diluted  beyond 
their  neutralization  potency  before  enhancement  capabilities  can  be 
demonstrated,  and  b)  the  lower  MOI  used  to  distinguish  cross¬ 
reactive  and  type-specific  neutralization  antibodies  may  be  more 
representive  of  the  level  of  Infection  in  nature.  Thus,  vaccines 
containing  only  the  neutralization  epitope  (made  by  recombinant  DNA 
technology)  should  still  be  tested  for  their  ability  to  Induce 
protection  and  be  tested  for  their  ability  to  sensitize  individuals 
for  enhanced  responses  when  challenged  with  heterologous  dengue 
vi ruses. 

3.  Indirect  Immunofluorescent  Assay  of  a  Dengue  Infected  Human 
Monocyte  Cel  I  Li  ne~ 

Previously,  the  determl nation  of  antibody-mediated  dengue 
infection  of  mononuclear  phagocytes  via  the  Fc  receptor  was  based 
on  the  production  of  larger  quantities  of  virus  than  that  produced 
by  monocytes  Infected  only  via  the  natural  viral  receptor.  The 
procedure  Involved  titration  of  collected  culture  fluids  on  LLC-MK2 
cell  monolayers.  About  one  week  is  required  for  the  virus  1 n  the 
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culture  fluids  to  form  plaques  in  the  monolayers.  This  procedure 
is  labor  intensive  and  time  consuming  when  large  numbers  of  serum 
specimens  are  to  be  tested  for  antibody-dependent  enhancement  (AOE) 
activities  at  multiple  dilutions  of  the  specimens. 

A  more  direct  and  less  laborious  method  of  detecting  infected 
mononuclear  phagocytes  was  developed.  The  indirect  fluorescent 
antibody  (FA)  technique,  using  mouse  anti-dengue  hyperimmune 
ascitic  fluid  or  a  dengue  cross-reacti ve  monoclonal  antibody  (4G2) 
with  fluorescein  conjugates  rabbit  anti-mouse  antibody,  was 
employed  to  detect  infected  cells.  Presence  of  FA  positive  cells 
was  shown  to  be  proportionately  related  to  virus  production, 
although  the  overall  sensitivity  is  somewhat  lower  than  measurement 
of  infectivity  in  plaque  forming  units  (PFU/ml);  the  specificity  is 
comparable.  Furthermore,  in  the  presence  of  dengue  antiserum  with 
neutralizing  activity,  newly  synthesized  virus  released  into  the 
medium  is  neutralized  so  that  infectivity  assays  are  of  little 
value.  FA  positive  cells  on  the  other  hand  demonstrate  the 
presence  of  dengue  specific  antigens  intracel lularly,  tnerefore 
representing  more  truely  the  biological  events  of  interest. 
Measurement  of  AOE  by  this  technique  is  applicable  to  all  3  cell 
types  Invariably  used  in  our  experiments,  namely,  human  U-937  and 
mouse  P-38S0^  cell  lines,  and  human  elutriated  monocytes. 

4.  Comparison  and  Evaluation  of  Antibody  Dependent  Enhancement 
activity  measured"  in  U-'W  and  P-388D^  cells,  and  Human  ElutrTited 
monocytes 

Factors  influencing  ADE  of  dengue  virus  growth  are  as  follows: 

a.  Host  cell  culture.  Virus  propagated  in  RHK  and  05/36  cell 
cultures  are  better  enhanced  than  that  propagated  in  suckling  mouse 
brai n. 


b.  Multiplicity  of  infection  (MOI).  The  higher  the  MOI,  the 
higher  the  number  of  FA  positive  cells  and  virus  production.  The 
test  is  more  sensitive  when  higher  moi  up  to  1,0  or  5.0  is 
employed.  The  dependence  on  MOI  for  detection  of  ADE  activity 
varies  depending  on  the  type  of  antibodies;  for  example,  ADE  by 
dengue  neutralizing  specific  3H5  is  markedly  dependent  on  MOI, 
while  4G2  is  marginally  affected  by  MOI. 

c.  Dengue  virus  receptors.  Human  mononuclear  phagocytes 
possess  natural  dengue  receptors  and  can  be  infected  at  a  marginal 
level.  The  permissiveness  to  dengue  infection  increases  when  these 
phagocytes  are  stimulated  by  adherence.  The  U-937  human  monocyte 
cell  line  is  different  in  that  it  is  rarely  permissive  to  dengue 
infection  but  occasionally  a  marginal  infection  is  detected  when 
the  MOI  is  raised  to  1.0  or  more.  In  contrast  to  U-937  cells. 
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P-388  Oj.  and  human  elutriated  monocytes  are  somewhat  permissive  to 
dengue  infection  via  the  natural  dengue  receptor  even  at  a  low  MOI 
of  0.1.  The  degree  of  permissiveness  increases  with  MOI  to  the 
point  where  ADE  may  be  difficult  to  detect  when  the  MOI  is  >  1.0. 

5.  Antibody  Dependent  Enhancement  of  Dengue-1  Virus 

Analysis  of  the  epidemiological  behavior  of  dengue-1  and 
dengue-2  in  the  Bangkok  1980  outbreak  showed  that  the  two  serotypes 
had  different  disease  patterns.  Antibody  dependent  infection 
enhancement  is  probably  less  important  for  the  development  of 
DHF/DSS  with  dengue-1  than  with  dengue-2.  To  investigate  the 
growth  pattern  of  dengue-1  virus  in  mononuclear  phagocytes,  one 
dengue-1  and  two  dengue-2  viruses  (Bangkok  1980  isolates)  were  used 
to  infect  U-937  cell  culture  in  the  presence  and  absence  of 
monoclonal  group  reactive  antibody  (4G2)  at  the  same  MOI  of  0.5. 
None  of  U-937  cells  were  infected  by  any  of  the  three  virus  strains 
in  the  absence  of  dengue  antibody.  However,  in  the  presence  of  4G2 
monoclonal  antibody  at  an  enhancing  concentration,  50-60%  and  10.7% 
of  U-937  cells  were  Infected  by  dengue-2  virus  strains  PUO-218  and 
PUO-294,  respectively,  while  only  2.4%  of  U-937  cells  were  infected 
by  dengue-1  strain  PUO-451.  Dengue-3  strain  CHg-3489  from  Bangkok 
Infected  a  low  proportion  of  U-937  cells  (2.2%)  in  the  presence  of 
flavi vi rus-negative  human  serum  diluted  1:100  and  the  infection  was 
enhanced  10  times  in  the  presence  of  group-reactive  monoclonal 
antibody  4G2.  These  results  Indicate  the  differences  in  capacity 
of  dengue-1,  2  and  3  viruses  to  Infect  human  mononuclear 
phagocytes.  However,  more  strains  of  both  dengue-1  and  dengue-2 
viruses  should  be  tested  to  determine  if  dengue-1  can  also  infect 
human  mononuclear  phagocytes  in  the  absence  of  dengue  enhancing 
antibody  and  whether  it  Is  generally  less  enhanceable  than  dengue- 
2.  Virus  replication  will  also  be  compared  in  other  cell  system  as 
In  P-388D.  or  in  human  elutriated  cells  since  one  possible 
explanation  for  dengue-1  pathogenesis  is  that  dengue-1  can  infe't 
mononuclear  phagocytes  effectively  without  depending  on  enhancing 
antibody  to  facilitate  virus  entry. 

6.  Effect  of  Chloroquine  on  Dengue  infection  of  Monocytes. 

To  further  study  the  differences  in  the  role  of  enhancing 
antibody  towards  development  DHF/DSS  by  dengue-1  ana  denaue-2 
viruses.  The  entry  of  virus  via  the  natural  dengue  receptor  and 
that  via  Fc  receptor  should  be  better  understood.  Fc  receptor 
mediated  entry  is  known  to  be  associated  with  endocytosis.  Since 
lysosomal  vesicles  are  Involved  in  endocytosis  and  chloroquine  is 
known  to  concentrate  in  lysosmal  vesicles,  the  effect  of 
chloroquine  on  dengue  ADE  was  determined.  Due  to  their 
permissiveness  to  dengue  infection  at  a  detectable  level,  P-3880, 
and  human  elutriated  monocytes  were  used  in  the  study.  These  cells 
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were  pre-treated  with  various  concentrations  of  chloroquine  which 
was  also  present  throughout  the  culturing  period.  Cells  were 
infected  with  dengue-2  virus  strain  16681  (Bangkok  isolate  from  a 
DHF  case  in  1968)  in  the  presence  and  absence  of  enhancing 
antibody.  Virus  infection  was  measured  by  counting  cells  positive 
in  an  indirect  immunofluorescent  assay  as  well  as  determining 
PFU/ml  for  virus  yield.  In  human  monocytes,  chloroquine  at  0.01  mM 
inhibited  infection  via  the  Fc  receptor  by  85%  whereas  there  was  no 
inhibition  (even  an  increase)  in  the  number  of  monocytes  infected 
via  the  virus  receptor.  8oth  Fc  and  virus  routes  of  infection  were 
inhibited  (92%  and  85%  respectively)  using  0.02  mM  chloroquine; 

0.05  mM  chloroquine  killed  the  cells.  Similar  results  were 
obtained  with  the  P-3880,  macrophage  cell  line,  but  both  virus  and 
Fc  receptor  routes  of  infection  were  easier  to  demonstrate  in  the 
human  cells.  The  selective  inhibition  by  chloroquine  suggests  that 
the  pathways  of  Infection  after  virus  entry  were  different  between 
the  two  routes.  This  may  be  used  as  a  tool  to  understand  how 
dengue-1  and  dengue-2  may  depend  upon  two  different  pathways  of 
infection  to  develop  DHF/DSS  in  nature. 

7.  Natural  Killer  Cells  in  Dengue  Infected  Cells 

Dr.  Francis  Ennis  carried  out  experiments  on  natural  killer 
(NK)  cells  during  a  two  week  M0B0ES  assignment  in  the  department. 
Using  continuous  human  mononuclear  cells  infected  with  dengue-3  and 
labelled  with  radioactive  chromium;  he  observed  increased  lysis  of 
infected  cells  with  the  addition  of  peripheral  blood  leukocytes 
from  a  vaccine  recipient.  In  the  absence  of  complement  and 
antibody,  cell  lysis  was  attributed  to  the  NK  cells.  Cell  lysis 
was  blocked  by  the  addition  of  unlabelled  dengue-3  infected  U-937 
cells  to  a  greater  degree  than  with  uninfected  or  dengue-2  infected 
U-937  cells.  These  are  the  first  observations  of  NK  cell  activity 
against  dengue  infected  cells. 

8.  Live,  Attenuated  Dengue  Vaccines 

No  new  studies  of  ^engue  vaccines  were  initiated  in  FY83. 
Progress  was  made  throi  USAMRDC  contractors  and  collaborating 
institutions  fo  prepare  protocols  for  FY84.  The  first  human  trial 
of  a  dengue-1  (45AZ5)  vaccine  produced  by  the  Salk  Institute, 
Swiftwater,  PA  will  be  tested  in  6  yellow  fever  immune  volunteers 
at  USAMRIID.  The  San  Juan  Laboratories,  CDC,  San  Juan,  Puerto  Rico 
has  prepared  a  protocol  to  test  the  dengue-2  (PR  159/S-l)  vaccine 
in  20  people  with  pre-existing  dengue  antibody.  Lot  #1  of  the 
dengue-3  (24/28)  vaccine  has  been  produced  by  Dr.  Eckels,  Dept  of 
Biologies  Research  and  is  "ndergoing  safety  testing  for  IND 
application.  A  second  dengue-4  vaccine  is  being  developed  by  Dr. 
Marchette,  University  of  Hawaii  under  contract. 


9.  Acquired  Immunodeficiency  Syndrome  (AIDS)  and  Erhlicnia  Canis 


In  May  1982,  Dr.  Charles  Kallick,  Dr.  Kaloo  Thadhani,  Dr. 
Miodrag  Ristic,  Dr  Harold  Kessler  and  Dr.  Stuart  Levin  observed: 

a.  An  Ehrlichia  canis-like  organism  was  isolated  from  the 
blood  of  9  consecutive  AIDS  patients  from  the  Chicago  metropolitan 
area.  (Ref.  ICAAC  Abstract  #223,  1983.  ) 

b.  Immunological  cross-reactivity  was  demonstrated  between 
Ehrlichia  canis  and  chlamydia  trachomatis  by  indirect 
immunofluorescence.  (Ref.  ICAAC  Abstract  #632,  1983.  ) 

These  observations  were  extremely  tantalizing,  because 
Ehrlichia  canis  fulfilled  the  "profile"  of  a  potential  AIDS  agent. 

1)  A  zoonotic  agent  potentially  introducible  to  man 

2)  A  transmissible  agent  by  blood  and  feces 

3)  An  agent  capable  of  producing  chronic  illness  in  mammals 
characterized  by  pancytopenia,  adenopathy,  and  pulmonary  disease. 

During  the  months  of  June  and  July,  our  laboratory  attempted 
to  confirm  the  presence  of  an  Ehrlichia  canis-like  organism  in  AIDS 
patients  in  several  experiments  performed  in  collaboration  with  NIH 
and  the  Chicago  investigators.  Primary  isolation  of  an  E.  canis  or 
a  chlamydia-like  organism  was  attempted  using  human  monocyte 
cultures  with  and  without  antibiotics,  and  subsequent  passage  to 
McCoy  cells  using  standard  chlamydia  technology.  Direct  isolation 
from  whole  blood  and  peripheral  blood  mononuclear  cells  was  also 
attempted  in  McCoy  cells.  Isolation  was  attempted  from  11  AIDS 
patients,  19  control  patients  and  1  pre-AIDS  patient. 

This  laboratory  was  unable  to  isolate  an  Ehrlichia  canis-like, 
or  chlamydia-like  organism  from  any  tested  AIDS  or  control 
patients.  Positive  and  negative  controls  were  performed  for  both 
E.  canis  and  C.  trachomatis  employing  direct  immunofluorescence  as 
a  detection  system  with  appropriate  reproducible  result'...  NIH  was 
also  unable  to  isolate  an  Ehrlichia  canis-like  or  chlamydia-like 
organism  from  any  tested  AIDS  or  control  patient.  Experiments  were 
also  performed  by  the  Chicago  investigators  in  both  our  laboratory 
and  laboratories  at  NIH.  Under  code  the  Chicago  investigators 
identified  "an  agent"  by  their  immunofluorescence  techniques  in  1/4 
AIDS  patients  and  5/5  control  patients. 

Isolation  of  the  candidate  "AIDS  agent"  was  finally  attempted 
from  supernatant  of  monocyte  cultures  from  the  original  patients 
reported  by  the  Chicago  investigators.  In  one  patient,  this 
laboratory  repeatedly  isolated  an  C.  trachomatis-like  organism. 

The  organism  was  detectable  using  direct  immunofluorescence  with  a 
monoclonal  antibody  against  C.  trachomatis,  however  there  was  no 
Immunological  cross  reactivity  with  polyclonal  canine  anti-E.  canis 
FITC. 
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Additional  experiments  tested  the  reported  immunofluourescent 
cross-reactivity  between  E.  canis  and  C.  trachomatis.  No  cross 
reactivity  could  be  demonstrated  by  direct  immunofluorescence 
(Table  1).  Non-specific  uptake  of  the  conjugate  was  noted  in 
various  photographs  including  the  control  non-infected  McCoy 
cells.  However,  by  comparing  the  red  block  photographs  with  the 
corresponding  fluorescence  photographs,  it  was  clear  that  these  two 
organisms  lack  immunological  cross-reacti vity  as  measured  by  direct 
immunofluorescence.  This  laboratory  was  unable  to  confirm  the 
observation  described  in  either  abstract. 


Table  1 
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Conjugate 

Cel  Is 

LGV 

E.  canis 

E.  canis  FITC 

+ 

C.  trachomatis  FITC 

+ 

*  Cytopathic  effect  was  noted  in  McCoy  cells  stained  with  anti  E. 
canis  FITC,  however  no  immunological  cross  reactivity  could  be 
demonstrated  by  direct  immunofluorescence. 

Recommendati on 


Work  should  continue  to  identify  and  characterize  the  epitopes 
of  dengue  virus,  especially  those  involved  in  viral 
neutralization.  THi s  work,  in  conjunction  with  extramural 
contractors  involved  in  dengue  genome  sequencing,  provides  the  best 
chance  for  future  dengue  vaccine  development  through  gene  cloning 
and  unravelling  the  mystery  of  dengue  infection  enhancement. 
Meanwhile  continued  testing  of  attenuated,  live  virus  dengue 
vaccines  is  needed  to  better  understand  the  immune  responses  to 
dengue  infection  and  to  learn  the  best  way  to  provide  polyvalent 
dengue  immunity.  Other  viral  and  suspected  viral  illnesses,  such 
as  AIDS,  should  be  studied  as  required  by  new  situations. 
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23  (U)  To  define  the  epidemiology  of  hepatitis  in  military  populations  in  order  to 
establish  methods  for  reducing  disability  from  hepatitis.  Emphasis  is  on  developing  and 
applying  sensitive  and  specific  assays  for  hepatitis  viruses,  antigens  and  antibodies 
and  to  determine  factors  important  in  resistance  to  disease. 

24  (U)  New  methods  for  the  isolation,  identification  and  comparison  of  hepatitis 
viruses  are  under  development.  The  immune  response  of  patients  with  viral  hepatitis  is 
studied  to  define  sensitive  measures  of  infection  and  the  critical  factors  relating  to 
immunoprophylaxis.  The  epidemiology  of  hepatitis  in  military  populations  is  described. 

25  (U)  82  10-83  09.  Hepatitis  A  virus  was  harvested  from  continuous  African  green 
monkey  kidney  cells  (BS-C-1)  and  treated  with  formalin.  Three  intramuscular  doses 
immunized  11  of  12  guinea  pigs  suggesting  it  may  be  feasible  to  produce  an  inactivated 
whole  virus  hepatitis  A  vaccine  for  humans.  Unlike  another  enterovirus,  poliovirus,  the 
drug  Arildone  does  not  have  antiviral  activity  against  hepatitis  A  virus  in  vitro.  A 
licensed  hepatitis  B  vaccine  was  given  to  50  volunteers  to  compare  three  2  ug 
intradermal  doses  to  three  20  ug  intramuscular  doses.  At  the  time  of  the  third  dose  (6 
months),  21  of  23  recipients  of  Intradermal  and  22  of  23  recipients  of  intramuscular 
vaccine  had  antibody.  Intradermal  immunization  may  conserve  vaccine  and  money  if 
protection  is  not  diminished.  Collaborative  studies  with  the  Division  of  Preventive 
Medicine  showed  that  enlisted  personnel  assigned  to  Europe  and  Korea  and  military 
prisoners  are  at  increased  risk  of  hepatitis  B  by  virtue  of  location  regardless  of 
duty.  IgM  anti-hepatitis  3  core  was  found  in  67  percent  of  Koreans  with  primary 
hepatocellular  carcinoma  as  compared  to  only  1.6  percent  of  age-  and  sex-matched 

atients  with  other  tumors.  For  technical  report,  see  Walter  Reed  Army  Institute  of 
esearch  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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Problems  and  Objectives 

The  hepatitis  viruses  are  among  the  most  common  infectious 
agents  responsible  for  serious  diseases  among  peacetime  military 
forces  today.  The  potential  for  increased  transmission  and 
epidemic  'spread  of  some  forms  of  hepatitis,  especially  hepatitis  A, 
and  perhaps  some  types  of  non-A,  non-B  hepatitis,  exists  during 
times  of  mobilization  with  a  possible  resultant  loss  in  combat 
effectiveness  of  troops.  All  forms  of  viral  hepatitis  may  be 
prevented  by  interruption  of  virus  transmission  or  passive  and/or 
active  immunoprophylaxis,  although  effective  immunoprophyl actic 
measures  have  not  been  fully  developed.  Current  objectives  within 
this  work  unit  include  the  development  of  improved  methods  of 
specific  viral  diagnosis,  character:' zati on  of  hepatitis  viruses, 
the  study  of  modes  of  viral  transmission  and  evaluation  of  means  of 
preventing  viral  hepatitis. 


7 

V 


Progress 


1 .  Immunogenic: ty  of  formal i n-Inacti vated  Hepatitis  A  Virus 
Produced  in  Cell  Culture 


The  ability  to  propagate  hepatitis  A  virus  (HAV)  in  cell 
culture  has  made  possible  the  development  of  HAV  vaccines. 

Following  initial  isolation  and  10  serial  passages  of  HM-175  strain 
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HAV  in  certified  African  green  monkey  kidney  cells,  virus  titered 
10°  TCIDgg/jl  and  was  readily  adapted  to  continuous  green  monkey 
kidney  cells  (BS-C-1).  Virus  was  prepared  in  two  lots  from  BS-C-1 
cells  maintained  in  Medium  199  witnout  serum  for  21  days.?  These 
two  virus  preparations  (lot  1  and  lot  2)  contained  2.8*10'  and 
8x10°  RFU/ml ,  respectively.  Portions  of  both  lots  were  treated 
with  1:4000  formalin  at  36°C  for  4  days.  After  16-18  hours  of 
formalin  treatment,  more  than  99.9%  of  the  virus  was  inactivated. 
Infectious  virus  was  detected  for  up  to  3  days,  but  only  on  blind 
passage.  Following  two  IM  doses  (1  ml),  5  of  6  guinea  pigs  which 
received  lot  1  and  5  of  5  guinea  pigs  given  lot  2  developed  anti- 
HAV  (HAVAB  radioimmunoassay).  After  3  doses,  all  guinea  pigs  had 
antibody  (GMT  1:199  and  1:101  for  guinea  pigs  receiving  formalin- 
inactivated  HAV  lots  1  and  2  respectively,  compared  witn  GMT  1:446 
and  1:570  for  guinea  pic.,  immunized  with  the  same  virus  lots  prior 
to  treatment  with  formalin).  These  studies  thus  demonstrate  that 
It  is  possible  to  grow  HAV  in  cell  culture  to  titers  sufficient  for 
the  production  of  immunogenic  inactivated  vaccines.  Further 
studies  on  the  safety,  immunogenici ty  and  protective  capacity  of 
these  vaccines  are  in  progress. 

2.  Serum  Neutralizing  Antibody  Response  to  Hepatitis  A  Virus 

Serum  neutralizing  antibody  to  hepatitis  A  virus  (HAV)  was 
measured  in  experimentally  infected  primates  and  naturally  infected 
humans  by  means  of  an  assay  based  on  the  autoradiographic  detection 
of  viral  replication  foci  in  vitro.  Infection  of  primates  with 
either  PA-33  or  HM-175  strains  of  HAV  elicited  antibody  capable  of 
neutralizing  either  strain.  Sequential  testing  of  two  monkeys 
showed  that  neutralizing  antibody  correlated  closely  with  antibody 
detected  by  immunoassay,  developed  prior  to  liver  enzyme  elevations 
and  was  associated  with  a  substantial  reduction  in  fecal  shedding 
of  viral  antigen.  In  tests  performed  on  human  subjects  involved  in 
an  outbreak  of  hepatitis  A,  neutralizing  antibody  was  present  3  to 
5  days  prior  to  the  onset  of  symptoms,  and  was  found  in  both  19S 
and  7S  immunoglobulin  fractions.  Immunity  against  HAV  is  probably 
due  primarily  to  neutralizing  antibody,  and  the  ability  to 
quantitate  this  antibody  will  be  helpful  in  the  evaluation  of  new 
HAV  vaccines. 

3.  Recovery  of  Human  Strains  of  Hepatitis  A  Virus  (HAV) 

Employing  the  procedures  developed  for  the  isolation  of 
primate  passaged  HAV,  ■'*•>£  isolates  have  been  obtained  directly 
from  man.  African  green  monkey  kidney  cells  (2nd  passage)  were 
more  sensitive  than  BS-C-1  or  FRhK-6  cells.  In  two  instances,  the 
isolates  were  detected  in  one  month.  Following  serial  passage  in 
African  green  monkey  kidney  cells,  three  representative  isolates 
were  adapted  to  8S-C-1  cells.  Antiserum  to  these  3  isolates  have 
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been  prepared  in  guinea  pigs.  Evaluation  of  these  Isolates  for  the 
preparation  of  inactivated  vaccines  are  in  progress. 

4.  The  Effect  of  Arildone  on  the  Replication  of  Hepatitis  A  Virus 

Arildone  (WIN  38020)  inhibits  poliovirus  replication  In  cell 
culture,  and  prevents  poliovirus-induced  paralysis  and  death  In 
mice.  Because  hepatitis  A  virus  (HAV)  is  considered  a  picorrjvirus 
and  shares  many  properties  with  poliovirus,  we  investigated  the 
effect  of  aMIdone  on  HAV  replication.  Continuous  green  monkey 
kidney  cells  (BS-C-1)  were  infected  with  HM-175  HAV  or  poliovirus 
type  2.  Anti-viral  effect  was  assessed  by  counting  foci  of  viral 
replication  visualized  by  Immune  autoradi ography  (radloimmunofocus 
assay,  HAV)  or  plaque  assay  (poliovirus).  Arildone  (3ug/ml),  mixed 
with  virus  prior  to  infection,  did  not  inhibit  HAV  radloimmunofocus 
formation  but  resulted  Instead  in  a  3.8  fold  Increase  in 
radl olmmunofoci  relative  to  control  cultures.  Radioimmunofocl 
forming  In  the  presence  of  arildone  appeared  denser  and  bound  more 
125-1  anti-HAV  than  foci  forming  in  the  absence  of  drug  (mean  287 
cpm  vs  114  cpm) .  Identical  arildone  treatment  led  to  a  99t 
reduction  In  poliovirus  plaque  formation,  but  minimally  Inhibited 
cellular  protein  and  RNA  synthesis.  Thus  arildone  does  not  inhibit 
HAV  replication  and  may  In  fact  lead  to  an  Increase  in  cell- 
associated  HAV  antigen,  suggesting  a  fundamental  difference  between 
the  early  events  in  HAV  and  poliovirus  replication. 


5.  Immunogenic! tv  and  Reactoqenici ty  of  Low  Dose  Intradermally 
Administered  HepatftTs  5  Vaccine  ” 


The  hepatitis  B  vaccine  has  been  licensed  for  the  prevention 
of  Hepatitis  B  infections  since  June  1982  however,  the  high  cost  of 
the  vaccine,  concurrent  with  present  day  economic  constructs  have 
had  a  significant  Impact  on  the  extent  to  which  the  H8V  vaccination 
programs  a^e  implemented.  A  double-blinded  randomized  trial  in  50 
volunteers  (comparing  a  three  dose  intramuscular  Injection  series 
of  20uy  '  f  Heptavax  B  with  a  three  dose  intradermal  injection 
series  of  2ug  of  Heptavax  B)  was  performed  in  FY83  in  an  attempt  to 
determine  if  a  lower  dosage  could  safely  provide  adequate 
immunization.  Preliminary  results  are  summarized  in  Table  1. 


Table  1.  Antibody  Response  to  HBV  Vaccine; 

2  ug  Intradermal 1y  (ID)  vs  20  ug  Intramuscularly  (IM) 


Anti-NBs  Response 

30  Day  60  Oay  180  Day 


ID 

IM 

ID 

IM 

ID 

IM 

Frequency  of 
seroconversion 
P/N  >  2.1* 

4/25 

8/25 

19/25 

22/25 

21/23 

22/23 

Range  of 
positive 

P/N  values* 

(6.1-42) 

(2.3-162) 

(2.1-140) 

(2.5-228) 

(3.6-163) 

(5-277) 

Median  P/N  of 
Responders 

6.6 

3.3 

6.3 

52.8 

49 

132 

Mean  P/N  of 
Responders 

15.6 

25.4 

22.2 

66.8 

49 

133 

*  AUSAfi  (Abbott) 


Reactogenlcl ty  has  been  limited  to  complaints  of  sore  arm  at 
the  IM  site  for  24  hours  In  the  Intramuscular  group  (56%)  and  local 
erythema  and  Induration  at  the  ID  site  In  the  Intradermal  group 
(80t).  Hyperpigmentation  In  the  area  of  ID  Injection  site  was 
noted  In  16%  on  the  Intradermal  group.  This  method  of 
administration  of  Hepatitis  3  vaccine  Is  Immunogenic  with  minimal 
reactogenlcl ty.  Additional  testing  will  be  needed  to  determine  if 
a  larger  dose  than  2  ug  would  be  optimal,  but  this  study 
demonstrates  that  Intradermal  HBV  vaccination  could  potentially 
result  In  a  significant  savings  of  money  and  vaccine  to  the  US 
Army . 

6.  Intraprison  Transmission  of  Hepatitis  B 

During  a  recent  hepatitis  A  outbreak  at  a  military  prison.  In 
addition  to  51  HAV  cases,  we  identified  23  Inmates  with  hepatitis 
B.  All  cases  were  IgM  antl-HBc*.  Other  serologic  markers 
Included:  HBsAg*  (6);  HBsAg-,  anti-HRs-  (71;  HBsAg-,  antl-HBs* 

(10).  Of  Inmates  with  evidence  of  resolving  HBV  Infection  (70. Rt), 
17.61  had  been  Imprisoned  for  more  than  24  months.  A  random  sample 
of  inmates  stratified  for  potential  HBV  ’•is*  factors  demonstrated  a 
HBV  marker  prevalence  of  20.8%  (HBsAg*  4,b%;  antl-HBc  IgM-*  10.41; 
antl-HBc*  antl-HBs*  8.1%  of  which  64.3%  were  IgM  antl-HBc*;  and 
antl-HBc*,  antl-HBs-  7.5%  of  which  40.0%  were  IgM  antl-HBc*).  Of 
all  Inmates,  79.2%  were  susceptible  to  HBV,  12.1%  had  recent  or 


current  H8V  infection,  and  6.9%  were  Immune.  Of  inmates  with  HBV 
markers  confined  for  3-12  months,  68%  were  IgM  anti-HBc+,  as 
comparea  to  42%  of  those  confined  <  3  months,  and  22%  of  those 
confined  1-4  years  (p<.03).  Of  inmates  with  HBV  markers  confined 
3-12  months,  32%  were  Immune,  as  compared  to  78%  of  those  confined 
1-4  years  (p<.03).  These  findings  could  not  be  explained  by 
differences  in  pre-confinement  risk  factors.  The  prevalence  of 
pecent  HBV  disease  (12.1%)  and  the  point  prevalence  of  clinical  HBV 
disease  (1.8%)  establish  the  occurrence  of  intraprison  viral 
transmission.  A  point  prevalence  survey  revealed  the  highest 
prevalence  of  recent  HBV  Infections  occurred  between  3-12  months  In 
prison  (Table  2).  In  light  of  these  data  seronegative  Inmates 
Should  be  considered  for  HBV  immunization. 


j  Table  2. 

Prevalence 

of  HBV  Markers  in  Prisoners 

Time  in  Prison 

♦Inmates 

HBsAg+ 

%  anti -HBc+ 

%  anti-HBc+ 

(Months ) 

.  igM+ 

. igM-  . 

Admission 

232 

2.6 

5.4 

4.9 

<3 

45 

2.2 

6.7 

8.9 

3-12 

71 

5.6 

18.3 

8.5 

13-24 

37 

2.7 

2.7 

13.5 

>24 

20 

1.0 

5.0 

10.0 

I 

7.  Assessment  of  HBV  Risk  in  Military  Populations  by  Geographic 
Assignment 

In  collaboration  with  Or.  L.  Gardner  and  MAJ  W.  Lednar, 
Olvlslon  of  Preventive  Medicine,  the  Incidence  of  hospitalizations 
for  Hepatitis  B  disease  were  assessed  In  enlisted  military 
population  (number  568,404)  to  determine  the  Incidence  of 
hospital  1 zatlon  for  HBV  disease  by  geographic  assignment  and 
M.O.S.  Results  obtained  from  Individual  Patient  Data  System  (IPOS) 
data  are  summarized  In  Table  3. 

Current  U.S.  Army  Hepatitis  B  vaccine  policy  Is  directed  at 
the  vaccination  of  high  risk  medical  personnel  with  frequent 
occupational  blood  exposure;  however,  these  data  clearly 
demonstrated  the  Increased  risk  o*  any  enlisted  personnel  assigned 
to  Europe  or  Korea  (1.47X  +  2.08X  respectively)  as  compared  to  high 
risk  U.S.  assigned  personnel  which  are  the  certain  focus  point  of 
Hepatitis  B  vaccination  policy.  Presently,  this  policy  should  be 
re-evaluated  to  determine  If  HBV  vaccination  of  military  personnel 
should  be  based  on  geographic  assignment. 
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Table  3.  HBV  Hospitalization  Rates  Per  100,000 


Occupation  (Selected  MOS) 

Geographic  Assignment 
CONir  EUROPE  KOREA 

1.  Medical  with  frequent  blood  exposure 

113 

222 

369 

2.  Combat  Arms 

86 

171 

250 

3.  Combat  Support 

75 

171 

238 

4.  Average  rates  for  total  enlisted 
personnel  in  geographic  area 

80 

173 

245 

8.  Low  Molecular  Weight  IqM  anti-HBc  Antibody  in  Chronic  Hepatitis 
B  VI rus  Infections 


IgM  antibody  to  hepatitis  B  vi~us  core  antigen  (IgM  anti-HBc) 
develops  during  acute  hepatitis  8  but  frequently  persists  in 
chronic  Infections.  In  order  to  characterize  persistent  IgM  anti- 
HBc  better,  sera  from  17  patients  known  to  have  histologically 
proven  chronic  hepatitis  were  subjected  to  rate-zonal 
centrifugation  in  sucrose  gradients.  Low  molecular  weight.  (7-8S) 
and  high  molecular  weight  (19S)  immunoglobulin  fractions  were 
tested  for  IgM  anti-HBc  by  a  sensitive  antibody-capture 
radioimmunoassay.  Three  patients  with  acute  hepatitis  B  served  as 
controls.  In  16  of  the  17  chronic  hepatitis  sera  peak  activity  was 
found  in  7-8S  fractions,  although  in  11  sera  a  minor  peak  was  also 
present  in  the  19S  fractions.  In  contrast,  the  sera  from  3 
controls  and  1  chronic  carrier  had  peak  activity  in  the  19S  region. 

The  low  molecular  weight  of  the  predominant  IgM  anti-HBc  was 
confirmed  by  gel  filtration.  Additionally,  competitive  binding 
experiments  showed  the  7-8S  antibody  to  an  anti-IgM  coated  solid 
phase  was  blocked  more  effectively  by  purified  IgM  than  by  purified 
IgG.  These  findings  Indicate  that  hepatitis  B  carriers  with 
chronic  active  hepatitis  have  predominantly  7-8S  IgM  anti-HBc. 

This  represents  one  of  the  rare  Instances  in  which  defined 
antiviral  specificity  of  low  molecular  weight  IgM  has  been 
demonstrated. 

9.  IqM  Anti-HBc  in  Patients  with  Hepatocellular  Carcinoma 

Primary  hepatocellular  carcinoma  (PHC)  occurs  in  a  geographic 
distribution  which  is  very  similar  to  that  of  hyperendemic 
hepatitis  8  virus  (HBV)  infection.  While  all  chronic  HBsAg 
carriers  can  be  shown  to  have  antibody  to  hepatitis  B  core  antigen, 
the  finding  of  the  IgM  class  antibody  to  hepatitis  B  core  antigen 
(IgM  anti-H8c)  usually  Indicates  the  persistence  of  high  levels  of 
viral  replication  and  biochemical  evidence  of  chronic  hepatitis. 

We  investigated  the  frequency  of  serum  markers  of  HBV  infection, 
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including  IgM  anti-HBc  in  110  adult  Korean  patients  with  PHC  and  in 
63  age-and  sex-matched  Korean  controls  with  other  tumors.  Seventy- 
four  (67%)  PHC  patients  had  IgM  anti-HBc  compared  with  only  1 
(1.6%)  of  the  controls  (P<0.001).  In  contrast  90  (81%)  PHC 
patients  were  HBsAg-positi ve  as  well  as  9  (14%)  controls 
(PcO.OOl).  Thus  although  IgM  anti-HBc  was  found  less  often  than 
HBsAg  in  PHC  patients,  it  may  be  more  specifically  associated  with 
primary  hepatocel lular  carcinoma.  IgM  anti-HBc  was  found  in  more 
HBeAg-positi ve  patients  with  PHC  (91%)  than  in  those  positive  for 
anti-HBe  (74%)  (p<0.04),  while  it  did  not  correlate  with  the 
presence  or  absence  of  antibody  to  HBsAg  (P=N.S.).  In  conclusion 
the  presence  of  IgM  anti-HBc  in  adult  Korean  HBsAg  carriers  may 
indicate  an  especially  high  risk  for  the  development  of  primary 
hepatocel lular  carcinoma. 


Recommendation 


The  efficacy  of  the  inactivated  HAV  vaccine  must  be  determined 
by  direct  challenge  of  immunized  Aotus  monkeys.  In  the  meantime, 
the  simultaneous  production  of  one  lot  of  vaccine  by  the  Department 
of  Biologies  Research  will  speed  up  the  vaccine  development 
process.  WRAIR  should  also  plan  to  test  a  live  attenuated  HAV 
vaccine  as  they  become  available  and  seek  new  methods  for 
distinguishing  attenuated  strains  from  wild  HAV  viruses.  The 
diagnostic  and  prognostic  roles  of  IgM  anti-HBc  in  primary 
hepatocel lular  carcinoma  is  yet  to  be  defined,  as  is  the  meaning  of 
low  molecular  weight  IgM  anti-HBc.  Work  is  needed  to  diagnose  non- 
A,  non-B  hepatitis  infections  in  military  personnel. 
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P  r ogress 


We  have  continued  work  on  the  development  of 
immunop  r  ophy  1  ac  t  ic  measures  against  aeruginosa  and  E  . 

coll  •  We  have  produced  monoclonal,  antibodies  with 
specific  binding  for  11  of  the  16  serotypes  of  P ■ 
aeruginosa .  These  monoclonals  bind  to  the  0-side  chain 
region  of  LPS  from  these  organisms  as  demonstrated  by 
Western  blot.  Several  of  these  have  been  tested  for 
protection  in  animals  and  have  been  efficacious  in  mouse 
intraperitoneal  challenge  experiments.  Monoclonals  that 
have  demonstrated  cross  reactive  determinants  in  P . 
aerug inosa  LPS,  both  in  0  side  chain  and  core  regions  have 
been  found.  A  monoclonal  which  reacts  with  a  core¬ 
determinant  in  the  LPS  of  all  serotypes  of  P .  aeru g i no sa 
and  reacts  with  the  J-5  mutant  of  E^  coli  0111  has  also 
been  found.  This  unique  cross  reactive  determinant  is 
being  tested  for  protective  efficacy  and  opsonic 
activity.  This  monoclonal  demonstrates  the  existence  of 
cross  reactive  determinants  between  E_;_  coli  J-5  and  P  . 
aerug  inosa .  Monoclonal  antibody  against  _P_.  aeruginosa 
toxin  A  and  _P_.  aeruginosa  pili  have  also  been  produced. 
Several  of  the  pili  monoclonals  show  broad  cross 
reactivity  among  pili  from  _P_.  aeruginosa .  Polyclonal 
rabbit  antibodies  against  pili  iron  strain  12.4.4  were 
able  to  block  attachment  of  1 2  .  >'  .  4  organisms  to  damaged 
endotracheal  rings.  Purified  12-4-4  pili  were  also  able 
to  block  attachment.  The  only  monoclonal  tests  thus  far 
for  ability  to  block  was  unsuccessful.  The  monoclonals 
with  cross  reactivity  will  permit  us  to  develop  a  pili 
typing  system. 
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P»«udomonas  LPS  vaooincs  prepared  for  huaan  ua«  hav« 
been  tasted  by  collaborating  in  tha  ohronio  lung  and  aouta 
pneumonia  models  of  lnfsotion  and  shown  to  be  efficacious. 

Work  on  the  virulence  factors  in  bacteremia  _E.  coll 
has  demonstrated  that  length  or  presence  of  O-side  chain 
alone  cannot  determine  sensitivity  to  kill  in  fresh 
serum.  Comparing  0-12  K1  strains  to  0-6  K5  strains 
removal  of  the  capsule  in  the  core  of  0-12K1  produces  a 
serum  sensitive  organism  while  removal  of  K5  from  the  0- 
6 1 K5  strain  does  not.  Monoclonal  antibodies  were  prepared 
against  core  and  0-side  chain  as  well  as  protein 
determinants  of  the  BART  K1  organism.  In  constrast  to  K1 
monoclonals  these  monoclonals  were  not  opsonic  for  BART  K1 
implying  that  capsular  antibody  is  uniquely  important. 

The  factor  which  stimulates  white  cells  which  we  have 
been  characterizing  was  demonstrated  to  stimulate  C3b  but 
not  Fc  receptors  on  human  WBC. 

A  presumed  protein  factor  in  outer  membrane  complex 
from  Pseudomonas  aeruginosa  type  5_  has  been  shown  to 
confer  non-specific  immunity  to  heterologous  challenge  in 
the  mouse  model. 

Attempts  to  develop  a  peptide  conjugate  s"stem  as  an 
approach  to  vaccine  development  has  proceeded.  _E.  coll 
LPS  was  detoxified  with  succinic  anhydrids  and  a  technique 
for  covalently  coupling  this  detoxified  LPS  to  peptides 
was  developed.  The  model  peptide  demonstration  was 
initially  utilized  and  later  a  peptide  containing  an 
important  antigenic  determinant  in  Hepatitis  B  virus  was 
coupled  to  detoxified  LPS.  This  conjugate  is  currently 
being  tested  for  immunogenicity . 

I mmunogenic i ty  of  polypeptides  was  enhanced  by 
hydrophobic  complexing  them  to  meningococcal  outer 
membrane  protein  "protosomes"  even  in  LPS-non-responding 
mice  and  f  ven  when  LPS  contamination  was  reduced  to  less 
than  1?.  This  indicates  that  the  protosomes  which  have 
safely  been  administered  to  thousands  of  soldiers,  may  be 
used  without  LPS  to  potentiate  the  immunogenicity  of  non- 
related  peptide  antigens.  Preliminary  experiments  using 
synthetic  peptide  antigens  have  been  performed  to  support 
this  thesis . 

Influenza  viruses  can  activate  the  production  of 
heterologous  anti-viral  and  anti-bacterial  antibodies  by 
human  lymphocytes  in  vitro.  This  polyclonal  activating 
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capability  will  aid  in  the  development  and  analysis  of 
immunopotentiating  agents  which  will  act  as  adjuvants  in 
polypeptide  vaccines. 

Further  development  of  an  effective  group  B  vaccine 
is  dependent  on  identification  of  the  specific  outer 
membrane  proteins  to  which  human  bactericidal  antibodies 
are  directed.  Two  methods  were  developed  and  used  to 
obtain  new  information  on  the  human  immune  response  to 
meningococcal  outer  membrane  proteins  following 
vaccination  and  systemic  disease.  Monoclonal  antibodies 
specific  for  the  major  outer  membrane  proteins  (classes  1, 
2,  3  and  5)  of  serotype  2b  and  15  strains  were  produced 
and  characterized  with  respect  to  specificity,  and  the 
particular  outer  membrane  protein  on  which  the  epitope 
resides.  Human  sera  obtained  following  vaccination 
(experimental  group  B  vaccine)  or  natural  infections  were 
assayed  for  the  amount  of  antibody  with  the  same 
specificity  as  a  given  monoclonal  antibody  by  inhibiting 
the  binding  of  the  monoclonal  antibody  to  a  limiting 
amount  of  antigen  with  serial  dilutions  of  the  sera.  Both 
vaccination  and  natural  infections  were  shown  to  induce 
antibodies  to  the  class  1,  2,  3  and  5  major  outer  membrane 
proteins.  A  second  approach  to  detecting  the  presence  of 
antibooies  to  specific  outer  membrane  proteins  is  by  the 
"western  blot"  method.  This  procedure,  which  involves 
electrophoretic  transfer  of  proteins  to  nitrocellulose 
paper  after  separation  by  slab  gel  electrophoresis  in 
sodium  dodecyl  sulfate,  often  results  in  denaturation  of 
the  proteins  and  loss  of  the  capacity  to  bind  antibody. 
The  value  of  this  approach  was  enhanced  by  the 
demonstration  that  the  antibody  binding  capacity  of  some 
outer  membrane  proteins  that  were  denatured  during 
electrophoresis  could  be  partially  restored  by  doing  the 
electrophoretic  transfer  in  the  presence  of  the 
appropriate  concentration  of  the  zwitterionic  detergent 
Emp igen  3B . 

Future  Plans 

The  specificity  of  human  antibodies  which  have  human 
complement-mediated  bactericidal  activity  for  group  B 
meningococci  will  be  examined  and  the  results  used  to 
determine  which  outer  membrane  proteins  are  most  important 
in  a  group  B  vaccine.  Additional  anti-meningococcal 
monoclonal  antibodies  will  be  produced  to  extend  the 
number  of  serotyping  reagents  available,  to  further 
characterize  the  human  immune  response  to  the  outer 
membrane  proteins,  and  to  search  for  common  determinants 
which  might  form  the  basis  for  an  improved  group  B 
vaccine. 
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potential  as  experimental  immunogens.  Locate  and  identify  the  rickettsial  surface 
antigens  that  affect  virulence.  Evaluate  in  mice  the  immunogenic  potential  of 
rickettsial  tractions.  Investigate  alternate  techniques  to  facilitate  the  early  diag¬ 
nosis  of  rickettsial  diseases  and  detect  rickettsial  antigens.  These  studies  will  aid 
in  improving  the  accurate  rapid  diagnosis  of  rickettsial  Infections  and  in  the  develop¬ 
ment  of  vaccines  capable  of  protecting  troops  deployed  in  areas  endemic  for  rickettsial 
diseases. 

24.  (U)  Isolate  subcellular  fractions  of  rickettsial  organisms  using  low  ionic 
strength  buffer,  ether  extraction,  and  genetic  recombination  methodologies.  Characte¬ 
rize  potential  immunogens  by  physiochemical  and  immunological  methodologies.  Use  anti¬ 
body  prepared  against  rickettsial  surface  antigens  to  evaluate  the  possible  role  of 
the  antigens  in  body  fluids  of  infected  laboratory  animals.  Isolate  and  determine  the 
biochemical  and  immunologic  character  1st  ice  of  these  antigens. 

25.  (U)  82  10  -  83  09  Recombinant  DNA  methods  have  been  utilized  with  organisms  repre¬ 

senting  both  the  scrub  typhus  and  spotted  fever  groups  of  rickettsial  organisms. 
Rickettsial  citrate  synthase  has  been  transferred  to  a  deficient  E.  coli  demonstrating 
the  technological  feasibility  of  the  approach.  Clones  continue  to  be  screened  for 
candidate  rickettsial  vaccine  comnonents.  An  en2vme  linked  immunosorbant  assay  was 
developed  for  both  spotted  fever  groups  and  scrub  typhus  group  rickettsiae.  This 
technique  is  able  to  detect  a  rickettsial  antigen  In  the  urine  of  infected  guinea  pigs. 
For  technical  report  see  Walter  Reed  Institute  of  Research  Annual  Report,  1  Oct  88  - 
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Problems  and  Objectives 

The  impact  of  scrub  typhus  upon  American  troops  daring  World 
War  II  and  Viet  Nam  has  of  course  been  well  recognized.  The 
development  of  a  vaccine  against  this  disease  has  been  hampered  by 
the  lack  of  knowledge  concerning  the  nature  of  the  components  of 
the  whole  organism  that  are  responsible  for  the  generation  of  the 
protective  immune  response  that  one  sees  for  instance  following  a 
natural  infection.  One  approach  to  vaccine  development  utilizes 
subunits  of  rickettslae  as  vaccine  components  and  has  the 
advantage  of  mlnlmizl  g  undeslred  reactogenlclty  while  tailoring 
an  optimal  protective  response.  Problems  associated  with  this 
approach  include  the  identification,  purification  and  charac¬ 
terization  of  the  immunodominant  rickettsial  components,  made  all 
the  difficult  if  one  depends  upon  eucaryotic  cell  systems  to 
replicate  the  rickettsial  organisms.  The  success  of  DNA  recom¬ 
binant  techniques  in  other  areas  of  medicine  and  industry  make  the 
use  of  these  methods  an  attractive  alternative  tor  the  production 
of  potential  rickettsial  antigens.  The  DNA  recombinant  approach 
with  particular  regard  to  scrub  typhus  has  been  set  up  within  the 
last  three  to  four  months.  Our  goals  in  employing  the  recombinant 
techniques  would  be  to  generate  immunogens  tor  potential  vaccine 
use  without  having  to  rely  on  costly,  and  time  consuming  eucaryotic 
cell  systems. 

Progress 


Recombinant  DNA  methodologies  have  been  utilized  with 
organisms  representatives  of  two  major  rickettsial  groups, 
Rickettsia  conorll  (spotted  fever  group)  and  the  Karp  strain  of  _K_. 
tsutsugamushl  (scrub  typhus  group).  DNA  was  isolated  by  phenol 
extraction  from  purified  R.  conor 1 1  cells  or  from  partially 
purified  Karp  strain  rickettslae,  and  was  purified  by  centrifuga¬ 
tion  In  cesium  ch lorlde-ethidlura  bromide  gradients.  The  optimal 
conditions  for  digesting  rickettsial  DNA  were  established  by 


varying  restriction  enzymes  and  times  ot  digestion j  and  by 
analyzing  the  extent  of  Jl_.  conoril  UNA  fragmentation  using 
ethidium  bromide-stained  agarose  gels.  _R_.  conoril  and  Karp  strain 
DNA  were  then  digested  with  the  restriction  endonuoclease,  Sau3A, 
tnd  cloned  into  an  _E_.  coll  K12  strain  recipient  usin^  a  Banr- 
oigested  pHC79  cosmid  vector.  Recombination  was  verified  by 
analyzing  the  digestion  patterns  of  selected  recombinant  DNAs  on 
agarose  gels,  or  in  the  case  of  Karp  strain  Dh'A,  for;  comple¬ 
mentation  of  a  metabolic  deficiency  (citrate  synthase  acclivity)  in 
a  mutant  _E.  coll  recipient.  Recombinant  clones  also  were  screened 
on  antibiotic-containing  media  and  then  were  tested  with  anti- 
rickettsial  antibody  to  determine  if  detectable  rickettsial 
antigens  were  being  produced.  The  antibody  assay  utilized  for 
this  testing  was  chosen  after  trial  and  modification  of  a  number 
of  established  techniques  for  the  immunologic  detection  of 
recombinant  proteins.  Essentially,  recombinant  organisms  were 
applied  to  a  nitrocellulose  support  film,  reacted  with  high- 
titered  rabbit  anti-rickettsial  antibody,  and  then  probed  with  and 
1 2 sI-labe led ,  affinity  purified  anti-rabbit  lgG.  The  sensitivity 
of  this  assay  has  been  determined  to  be  1-10  ng  of  R.  conorl  1 


protein,  and  approxl mately  100  ng  of  Karp  strain  antigen.  For 
each  of  chese  rickettsiae,  approximately  1,000  recombinants  have 
been  tested  lmmunologically;  however,  the  number  of  recombinants 
available  is  virtually  unlimited,  and  larger  numbers  of 
recombinants  will  have  to  be  tested  before  rickettsial  Antigen- 
expressive  organisms  are  found. 


Studies  aimed  at  analyzing  and  potentiating  the  i mmuno- 
genicity  of  isolated  rickettsial  antigens  have  concent  rated!  on  the 
erythrocyte-sensitizing  substance  (KSS),  a  loosely  bound, 
carbohydrate  antigen  present  on  the  surface  of  most  (except  scrub 
typhus)  rickettsiae.  Infection  of  T-cell-def icient  mice  with 
typhus  group,  spotted  fever  group,  and  scrub  typhus!  group 
rickettsiae  resulted  in  an  igM  antibody  response  in  all  but  the 
scrub  typhus-infected  animals.  These  results  pointed  out  a 
significant  difference  In  the  interactions  of  scrub  typhus 
antigens  and  antigens  of  the  other  rickettsiae  with  the  immune 
system  of  the  murine  host,  and  also  suggested  that  the  ESS  is  a  T- 
ce 1 1-independent  antigen.  In  experiments  performed  to  enhance  the 
lmrr.uno-genicity  of  this  carbohydrate  antigen,  ESS  from  _R_.,  tvphl 
rickettsiae  was  chemically  coupled  to  tetanus  toxoid  (i.e.,  became 
T-ce 1 1-dependent )  and  Injected  into  rabbits.  The  dnimals 
responded  with  anti-ESS  antibody  three  weeks  after  immuniziatlon, 
and  maintained  significant  antibody  titeis  in  the  serum  past  the 
twelfth  week.  As  least  two  antibody  populations  were  produced  by 
this  immunization  and  they  differed  k i no t i ca  1  1  y  ,  in  antibody 
class,  and  reactivity  with  different  rickettsial  antigens  (i.e., 
in  various  serological  tests).  ! 
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An  enzyme-linked  immunosorbant  assay  (ELISA)  was  developed 
for  both  spotted  fever  group  (R_.  conorl i )  and  scrub  typhus  group 
(Karp  strain)  rickettsiae.  Initial  experiments  were  performed  to 
investigate  the  ability  to  detect  rickettsial  antigen  in  the  body 
fluids  of  infected  animals  using  this  ELISA.  Guinea  pigs 
inoculated  with  a  mouse-lethal  strain  of  R_.  conorll  responded  with 
clear-cut  clinical  signs  (fever,  scrotal  reactions)  and  appeared 
to  excrete  a  rickettsial-specific  substance  in  the  urine.  This 
substance  is  inhibitory  to  the  ELISA  reaction  of  jl_.  conorii 

soluble  antigen  and  rabbit  antibody  against  R_.  conorii ,  and  thus, 
is  likely  to  contain  some  of  the  surface  antigens  of  this 
rickettsia.  The  feasibility  of  using  other  animal  species  (mice, 
monkeys)  for  antigen  detection  and  characterization  is  being 
pursued. 

Recommendation: 

At  the  start  recombinant  DNA  methodologies  were  worked  out 

using  the  R_.  conorll  model.  In  mid  to  late  June  19bJ,  permission 
to  also  include  Rickettsia  tsutsugamushl  was  obtained  and  within 
three  months  evidence  of  the  successful  transfer  of  rickettsial 

genetic  materials  into  _E_.  coli  was  obtained.  Having  demonstrated 
the  technological  feasibility  of  performing  this  recombinant  work 
with  Rlcket  tsla  tsutsugamushl  and  _E_.  coll  we  will  screen  the 

resultant  clones  for  rickettsial  antigen  expression.  Expressed 
rickettsial  antigens  will  be  evaluated  individually  or  in 
combination  as  potential  vaccine  candidates.  Only  approximately 
1000  clones  have  been  studied  thus  far.  If  at  the  end  of  5000 

clone  screenings  we  were  still  unable  to  detect  rickettsial 
antigens,  an  alternate  host  other  than  E^.  coll  will  be 

introduced.  Along  with  the  basic  screening  activity  we  are 

constantly  engaged  in  upgrading  the  sensitivity  of  our  assay 

procedures  and  maintaining  a  running  dialogue  with  Dr.  Kopecko  and 
through  him  with  the  community  of  genetic  scientists.  We  are 
ready  to  exploit  any  new  alternatives  that  may  serve  improve  our 
chances  to  obtain  rickettsial  expression. 

A  joint  venture  with  Dr.  Dasch's  group  at  the  Naval  Medical 
Research  Institute  has  been  undertaken  for  the  production  of 
monoclonal  antibodies  to  a  variety  of  scrub  typhus  strains.  These 
antibodies  should  prove  mutually  benefici.il  not  only  as  molecular 
probes  but  in  projected  affinity  chromatographic  isolation  of 
potential  rickettsial  vaccine  antigens. 

The  development  of  an  improved  ELISA  system  using  polyvalent 
or  monoclonal  antibodies  where  appropriate  will  continue.  This 
technique  not  only  bears  upon  our  recognition  of  discrete 
rickettsial  antigens  produced  by  DNA  recombinant  technology  but 
also  is  a  key  step  in  the  identification  of  scrub  typhus 
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rickettsial  antigens  that  may  or  may  not  be  found  in  patient 
urine. 

Presentation 


Eisemann,  Christine  S.:  "Susceptibility  of  Inbred  Mice  to 

Rickettsiae  of  the  Spotted  Fever  Group,"  Annual  Meeting  of 
the  American  Society  for  Microbiology,  March  1983. 
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23.  (U)  Develop  physiological  means  of  interrupting  malaria  and  leishmaniasis  transmis¬ 
sion  through  an  understanding  of  factors  affecting  parasite  infectivity  in  vivo  and  in 
vitro.  Refine  models  of  malaria,  leishmaniasis  and  African  trypanosomiasis  transmission 
to  obtain  large  numbers  of  parasites  for  the  study  of  immune  mechanisms.  Assess  compe¬ 
tence  of  closely  related  species  as  malaria  and  leishmaniasis  vectors.  Develop  method  of 
testing  repellents  against  tsetse  flies.  Develop  a  field  applicable  serological  test  to 
detect  anophelines  infected  with  falciparum  malaria.  Realization  of  objectives  mav  lead 
to  prevention  or  control  of  malaria,  leishmaniasis,  trypanosomiasis  and  scrub  typhus  in 
military  troops. 

24.  (U)  Continue  producing  falciparum  sporozoites  needed  for  characterization  of  mono¬ 
clonal  antibodies.  Identify  factors  that  influence  that  infection  process  of  falciparum 
malaria  in  anopheline  mosquitoes.  Establish  colonics  of  phlcbotomine  sand  flies  for 
leishmaniasis  transmission  studies.  Compare  susceptibility  of  different  sand  fly  and 
anopheline  species  to  leishmanial  and  malarial  parasites  respectively.  Develop  the  ELISA 
test  to  detect  P.  falciparum  sporozoites  in  mosquitoes.  Refine  methods  for  testing  repel 
lents  against  tsetse  flies.  Produce  large  numbers  of  procyclic  trypanosomes  for  African 
trypanosomiasis  vaccine  feasibility  studies. 

25  (U)  82  10  -  83  09  Improvements  were  made  in  the  malaria  model  and  5.8  million  P.  fal¬ 
ciparum  sporozoites  were  produced.  Monoclonal  antibodies  to  vivax  malaria  sporozoites 
were  produced  and  ELISAs  were  developed  for  detecting  vivax  and  falciparum  malaria  sporo¬ 
zoites  in  anophelines.  Colonies  of  5  sand  fly  species  were  established  and  infection 

studies  arc  underlay.  The  tsetse  colnnv  was  greatly  improved  and  the  pace  of  infection- 
and  vaccine  feasibility  studies  have  been  accelerated.  For  technical  report  see  Walter 

Reed  Army  Institute  of  Research  Annual  Report  I  Oct  82  to  30  Sep  85. 
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Problems  and  Objectives 


Malaria,  trypanosomiasis  and  leishmaniasis  are  arthropod-borne 
diseases  of  great  military  medical  importance.  Consequently,  the 
development  of  vaccines  for  these  diseases  is  a  high  priority 
endeavor.  The  detection  of  protective  antigens  against  the 
sporozoite  stage  of  falciparim  malar ia  is  one  of  the  most  promising 
approaches  to  a  malaria  vaccine.  Antigen  variation  at  least  in  the 
tsetse  fly  transmitted  forms  of  African  trypanosomiasis  and  use  of 
fly-form  parasites  for  identifying  protective  antigens  also  offers 
the  most  premising  approach  to  vaccine  development.  An  effective 
vaccine  must  be  active  against  the  arthropod-borne  form  of 
parasite.  Thus  laboratory  system  also  are  needed  for  producing 
infected  vectors  to  challenge  experimentally  immunized  animals 
against  leishmaniasis,  trypanosomiasis  and  malaria.  The  value  of 
sand  fly  transmitted  leishmanial  parasites  for  detecting  protective 
antigens  is  currently  under  study.  Current  research  objectives  are 
to  1)  develop  or  inprove  on  existing  laboratory  transmission 
systems  for  the  groups  of  diseases  listed  above,  2)  develop 
immunochemical  tests  for  detecting  infectious  parasites  in  natural 
vector  populations  for  malaria  and  leishmaniasis  and  3)  determine 
factors  influencing  infection  rates  of  malaria,  African 
trypanosomiasis  and  leishmaniasis  parasites  in  anopheline,  tsetse 
and  sand  fly  vectors,  respectively. 

Progress 

Malaria:  A  system  was  developed  for  producing  large  numbers  of 
falciparum  malaria  sporozoites  by  infecting  Anopheles  f r eeborn i 
mosquitoes  with  cultured  Plaonodi un  fa  1c i parun  malaria  parasites. 


This  successful  effort  formed  the  basis  for  creating  a  major 
sporozoite  vaccine  development  effort  within  the  WRAIR.  Infection 
rates  have  been  consistently  much  higher  than  a  year  ago  both  in 
percentage  of  mosquitoes  infected  and  in  numbers  of  oocysts  and 
sporozoites  per  mosquito.  "Hie  sporozoites  are  isolated  first  frcm 
extracted  salivary  glands  and  then  from  homogenized  mosquito  bodies 
placed  on  density  gradients.  Sporozoite  preparations  from  the 
former  are  much  cleaner  than  , those  frcm  the  latter  but  have  fewer 
numbers.  To  date,  58  x  It)*5  sporozoites  have  been  isolated  and 
frozen  in  aliquots  ranging  from  50,000  to  12  million  parasites. 
Sporozoite  yield  per  infected  mosquito  has  ranged  frcm  a  few 
hundred  tc  15,000. 

Additional  studies  comparing  different  species  of  anophelines 
for  susceptibility  to  infection  with  cultured  Plasmodium  falciparum 
gametocytes  have  reinforced  earlier  findings  that  An.  freeborni  is 
the  most  susceptible  vector  yet  tried,  based  on  oocyst  counts. 
However,  An.  Stephens i  mosquitoes,  although  usually  possessing 
lower  oocyst  numbers  have,  on  occasion,  produced  considerably 
larger  number  of  sporozoites  on  a  per  infected  mosqui to  basis,  'ltoo 
strains  of  An.  quadrimaculatus  were  also  tested  and  found  to  be 
virtually  unsusceptible  to  the  strain  of  P.  falciparum  currently  in 
culture. 

IVbnoclonal  antibodies  against  the  sporozoites  of  the  two  most 
prevalent  hunan  malarias,  Plasmodium  falciparum  and  P.  vi vax,  were 
developed.  These  antibodies  were  used  to  develop  ELlSA's  for  both 
parasites.  Postive  reactions  were  obtained  only  with  homologous 
parasites  when  tested  against  sporozoites  of  various  other  species 
of  Plasmodium.  An  in-depth  evaluation  of  the  falciparum  double 
antibody  ELISA  indicates  that  the  assay  will  detect  as  few  as  300 
sporozoites  per  infected  mosquito.  Using  extract  of  dried  infected 
mosquitoes  as  antigen,  the  assays  were  sensitive  enough  to  detect 
one  infected  mosquito  in  a  pool  of  20  specimens.  Results  frcm 
laboratory  evaluations  indicate  that  the  assays  1)  are  specific  and 
highly  sensitive,  2)  can  be  performed  with  fresh  or  dried 
mosquitoes,  3)  can  process  mosquitoes  singly  or  in  pools,  4)  can 
utilize  lyophilized  antisera  without  loss  of  activity  and  5)  do  not 
require  the  use  of  expensive  capital  equipment.  These  assays  are 
currently  undergoing  field  evaluation  to  determine  the  merit  of 
producing  kits  to  provide  a  test  capability  for  Army  field 
oreventive  medicine  units. 


Leishmaniasis:  Research  on  sand  flies  and  leishmaniasis  was 
initiated  within  the  last  12  months.  Colonies  of  the  following 
species  have  been  established: 


4.  P.  mert ini  (Kenya) 

5.  L.  shannon i  (USA) 


Working  colonies  are  in  full  production  for  the  first  3  species. 
The  laboratory  facility  has  been  renovated  and  a  double  screened 
holding  chamber  for  infected  specimens  has  been  constructed.  Prior 
to  completion  of  this  chamber  infection  studies  were  performed  with 
L.  anthopbora  only  since  it  will  not  bite  humans.  This  species  was 
successfully  infected  with  Leislmania  tropica,  L.  donovani ,  L. 
brazi  1  iensis  and  L^_  mexieana.  infection  studies  are  currently 
underway  with  the  natural  vectors  of  these  disease  agents. 

African  Trypanosomiasis:  The  tsetse  colony  has  been  greatly 
improved  during  the  last  year.  Current  production  of  flies  (over 
4000  reproducing  females)  exceeds  requirements.  A  total  of  21 
infections  have  been  conducted  since  January  of  this  year  compared 
to  only  63  for  the  preceeding  6  years.  The  success  in  producing 
tsetse  flies  and  producing  fly-form  parasites  has  greatly 
accelerated  the  vaccine  feasibility  studies  for  /^rican 
trypanosomiasis.  A  new  method  of  detecting  infected  flies  was 
developed  that  decreases  the  time  required  for  processing  each  fly 
for  infection.  The  flies  are  allowed  to  probe  on  warm  glass 
slides.  At  that  time  the  infected  flies  extrude  parasites  in 
salivary  fluids.  The  slides  are  then  stained  and  examined  for 
trypanosome  parasites.  The  repellent  action  of  DEEP  and  Permethr in 
has  been  tested  against  Gloss ina  mors i tans  and  test  results  are 
being  prepared  for  publication.  Permethrin  did  not  prevent  the 
tsetses  from  probing  before  toxic  effects  occurred. 

Reccmnendat ions  for  the  future 


The  production  of  malaria  sporozoites  should  be  continued  in 
support  of  the  sporozoite  vaccine  development  effort.  &rphasis 

should  be  placed  of  selecting  and  properly  managing  malaria  clones 
that  produce  high  infection  rates  and  large  nurbers  of  sporozoites. 

Population  selection  studies  should  be  conducted  to  develop 
strains  of  mosquitoes  and  parasites  that  produce  maximum  nurbers  of 

sporozoites.  As  part  of  this  -work  studies  should  be  performed  to 

identify  the  barriers  to  sporozoite  production. 

Develop  methods  for  culturing  the  exoerythrocyt ic  stages  of 

falciparum  malaria. 

Develop  systems  for  producing  large  numbers  of  the  various 
strains  (species /subspecies)  of  leislmanial  parasites. 

Continue  to  improve  the  tsetse  fly  colony  and  increase  the 
yield  of  tsetse  fly-form  parasi tes. 


Formal  Presentations 


Roberts,  D.R.  U.S.  Army  research  programs  on  mosquitoes  and 
mosquito-borne  diseases.  An  invited  presentation  made  to  the 
opening  session  of  the|  annual  meeting  of  the  Anerican  Mosquito 
Control  Association  in  Florida,  1983. 
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23.  (U)  To  define  in  genetic  and  molecular  terms  gene  transfer,  antigenicity,  and  viru¬ 
lence  of  pathogenic  enteric  bacteria  which  because  of  their  disease  producing  capabil¬ 
ities  are  of  importance  to  military  medicine,  a  major  concern  of  which  is  the  Dreven- 
tion  and  treatment  of  enteric  infections  in  Army  personnel.  The  goal  is  to  modify 
enteric  bacteria  genetically  to  produce  any  desired  antigenic  structure  and  level  of 
pathogenicity.  Such  strains  can  serve  as  vaccine  strains  or  as  tools  to  study  the 
infectious  process. 

24.  (U)  Genetic  recomoi nation  between  strains  of  enteric  bacteria  and  recombinant  DNA 
techniques  are  used  for  strain  construction  and  modification.  Genetic  results  are 
extended  to  include  the  physical  study  of  the  informational  macromolecules  (i.e.,  DNA). 

25.  (U)  82  10  -  83  09  All  Shigella  sonnei  strains  carry  a  120  Mdal  plasmid  needed  for 
form  I  antigen  (i.e.,  0-side  chain)  synthesis  and  for  epithelial  cell  penetration. 

These  form  I  0-side  chain  determinants  have  been  subcloned  on  a  DNA  fragment  of  10  Mdal. 
Fragments  representing  the  entire  120  Mdal  S.  sonnei  plasmid  have  been  cloned  and  are 
now  being  examined  for  additional  virulence  traits.  Potential  oral  vaccine  strains  have 
been  constructed  by  gene  fusion  resulting  in  Salmonella  typhi  Ty2!a  derivatives  carrying 
the  0-antigens  of  S.  sonnei  and  S.  flexneri  serotyce  2a.  Similar  TyZla  derivatives  to 
protect  against  S.  flexneri  3  and  S.  dysenteriae  i  are  beinc  developed.  A  combination 
of  these  four  oral  vaccine  strains  should  protect  soldiers  against  typhoid  fevo'-  and  the 
predominant  causes  of  shigellosis.  Also,  wr  .••o  developing  spec  :*'ic  DNA  prn-se  te:h- 
niques  to  identify  rapidly  under  field  conditions  oa tvcooni c  organ-. sirs  sue:',  a. 
leishmania,  Yersinia,  Salmonella,  and  Shigella  species.  Tor  technical  report,  see  Walter 
Reed  Army  Institute  of  Research  Annual  Report  1  Oct  FZ  -  30  Sep  83. 
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Problem 


Bacterial  infections  of  the  gastrointestinal  tract  have  always 
been  a  serious  health  hazard  to  those  entering  an  area  where  modern 
sanitary  practices  and  facilities  are  lacking.  More  than  50Z  of 
the  military  personnel  involved  in  field  operations  frtquently  are 
incapacitated  by  enteric  bacterial  illnesses.  Thuse  enteric 
organisms  can  produce  severe  stomach  cramps,  nausea,  vomiting, 
intestinal  ulcerations,  bacteremia,  dysentery  and  diarrhea.  Such 
enteric  bacterial  infections  generally  occur  within  several  days 
after  personnel  enter  an  area  where  sanitary  conditions  are 
deficient  or  disrupted.  Effective  prophylactic  field  measures  do 
not  exist  for  many  of  the  severe  enteric  disease  agents  e.g. , 
Shigella,  Salmonella ,  enterotoxigenic  E.  coll .  Since  native 
populations  do  develop  an  immunity  to  the  enteric  organisms 
normally  indigenous  to  their  environment,  the  development  and  use 
of  effective  enteric  vaccines  should  act  to  augment  the  level  of 
natural  immunity  thus  reducing  the  inherent  disease  level  in  these 
areas.  Also,  effective  enteric  vaccines  would  stimulate  immunity 
in  military  troops  who  frequently  are  highly  susceptible 
individuals.  Current  broad  objectives  within  this  work  unit 
Include  the  development  of  mono-and  multi-valent  vaccines  against 
enteric  organisms,  testing  vaccine  efficacy  in  animal  models,  and 
using  molecular  and  genetic  approaches  to  study  the  mechanism  of 
disease  pathogenesis  resulting  in  pertinent  information  that  can 
lead  to  the  development  of  suitable  techniques  for  the  construction 
of  improved  vaccines  or  for  the  rapid  detection  and  treatment  of 
pathogenic  bacteria  in  a  diseased  patient.  Towards  this  end,  a 
variety  of  basic  investigations  into  the  molecular  nature  of 
bacterial  gene  expression  and  intercellular  gene  transfer,  employ¬ 
ing  classical  and  new  molecular  genetic  procedures  including  recom¬ 
binant  DNA  technology,  are  conducted.  Whole  animal  and  cell 
culture  systems  are  employed  to  assess  bacterial  virulence  traits 
and  vaccine  efficacy. 


Progress 


Our  research  studies,  conducted  in  collaboration  with  the: 
Dept.  Bacterial  Diseases,  have  resulted  in  the  conclusion  that 
large  plasmids  (120-140  megadaltons  in  size)  are  necessary  for  the 
virulence  of  all  strains  of  bacteria  that  cause  dysentery  (i.e., 
all  Shigella  species  and  certain  Escherichia  coli  strains;  see  ref. 
1).  Specifically,  we  have  shown  that  all  virulent  Shigella  sonnei 
strains  harbor  a  120  Mdal  plasmid  that  encodes  the  major  protective 
cell  surface  antigen,  the  form  I  somatic  antigen,  of  this  species 
(2,3).  Also,  virulent  isolates  of  all  six  serotypes  of  _S_.  f lexneri 
have  been  found  to  carry  a  140  megadalton  plasmid  (4),  as  do 
dysenteric  strains  of  _E.  coll.  Animal  and  tissue  culture  assays 
have  revealed  that  these  large  plasmids  encode  some  virulence 
property  that  allows  these  virulent  bacteria  to  invade  epithelial 
cells,  which  is  the  first  step  in  the  disease  process  of  dysentery. 
Recombinant  DNA  procedures  have  been  developed  to  clone  the 
plasmid-mediated  and  chromosomally-control led  ger.ptic  determinants 
of  Shigella  virulence.  Thus  far,  large  DNA  regions  representing 
the  entire  120  Mdal  and  140  megadalton  (Mdal)  Shigella  virulence 
plasmids  have  been  cloned.  The  genes  determining  synthesis  of  the 
JL*  sonnet  form  I  0-antigen  have  been  cosmid  cloned  and  then 
subcloned  on  a  defined  DNA  fragment  of  approx.  10  Mdal.  These 
cloned  genes  will  be  used  to  study  the  mechanism  of  0-ant lgen 
synthesis  and,  potentially,  to  construct  an  improved  oral  vaccine 
against  sonnei  (see  below). 

As  reported  last  year,  the  galactose  epimeraseless  _S.  typhl 
Ty21a  oral  vaccine  strain  of  Germanier  and  co-workers  (5)  appears 
to  be  a  potential  carrier  of  many  antigens  and  should  be  useful  in 
constructing  multi-valent  oral  vaccines  that  will  be  protective 
against  many  different  enteric  diseases.  To  test  this  hypothesis, 
we  initially  transferred  the  genes  for  sonnei  form  I  somatic 
antigen  synthesis  into  the  _S.  typhi  Ty21a  strain  (6).  The 
derivative  strain  stimulates  the  production  of  specific  intestinal 
IgA  in  rabbits  (7)  and  protects  mice  against  chilienge  by  virulent 
J_.  typhi  and  S_.  sonnei  cells  (6).  More  recently,  volunteer  studies 
have  demonstrated  the  safety  of  this  oral  vaccine,  and  preliminary 
immunization  and  challenge  tests  In  humans  showed  a  significant 
degree  of  protection  against  _S_.  sonne  1 ,  the  leading  cause  of 
shigellosis.  This  vaccine  strain  will  be  further  analyzed  and 
manipulated  as  necessary  to  develope  a  genetically  stable,  safe  and 
effective  oral  vaccine. 

Vaccines  to  protect  against  several  other  predominant  Shigella 
serotypes  are  also  being  developed  and  tested.  The  chromosomal 
genes  encoding  the  J[.  f lexneri  se  .type  2a  0-antigen  have  been 
transferred  to  the  Ty21a  _S_.  typhi  vaccine  strain.  The  resulting 
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derivative  expressed  the  S_.  f  lexne  ri  2a  O-antigen  and  protected 
mice  against  challenge  by  this  organism.  Analogous  vaccines  to 
protect  against  _S.  f lexneri  serotype  3  and  _S.  dysenteriae  serotype 
1  strains  are  presently  being  developed.  These  4  oral  vaccines 
should  protect  soldiers  against  typhoid  fever  and  the  organisms 
that  are  the  predominant  cause  of  shigellosis.  Other  potential 
enteric  vaccine  combinations  (e.g.,  a  vaccine  to  protect  against 
cholera  or  traveler's  diarrhea)  are  also  being  studied. 

Recent  preliminary  studies  indicate  that,  plasmids  are  also 
important  for  the  virulence  of  certain  Salmonella  species.  Further 
studies  are  aimed  at  determining  the  precise  involvement  of  these 
plasmids  in  Salmonel  la  disease.  Other  studies  underway  are  direct¬ 
ed  at  genetically  isolating,  via  recombinant  DNA  technology,  the 
chromosomal  genes  that  are  necessary  for  the  virulence  of  Shigella 
and  Salmonella.  The  genes  encoding  the  Salmonel la  and  Cltrobacter 
virulence  (Vi)  surface  antigens  have  recently  been  cloned  and  are 
being  analyzed  in  detail.  Further  studies  have  revealed  that 
various  DNA  segments  of  these  Vi  antigen  genes  behave  in  DNA 
hybridizat ion  reactions  as  highly  specific  probes  for  _S.  typhl. 
These  DNA  probes,  presently  being  patented,  should  be  useful  in  a 
rapid  assay  to  detect  typhoid  fever  bacteria  in  diseased  soldiers 
in  the  field. 

More  recently,  recombinant  DNA  technology  has  been  used  in 
collaboration  with  workers  in  the  Dept,  of  Bacterial  Diseases  to 
isolate  the  genes  that  encode  the  Neisseria  gonorrhoeae  surface 
attachment  plli.  These  attachment  organelles  already  serve  as  the 
basis  for  a  gonorrhea  vaccine.  It  is  anticipated  that  these  cloned 
genes  can  be  used  to  study  pili  gene  expression  and  to  amplify  the 
production  of  pili  gene  products  for  vaccine  use.  Additionally, 
collaborative  studies  with  the  Dept.  Rickettsial  Diseases  are 
underway  to  clone  rickettsial  surface  antigen  genes  for  vaccine 
use.  Rickettsial  gene  segments  have  now  been  cloned  and  are 
expressed  in  E.  coll,  but  cloned  protective  antigen  genes  have  not 
yet  been  detected. 

DNA  specific,  hybridization  probes  have  been  developed  for 
rapid  detection  of  a  number  of  pathogenic  organisms.  These 
precise,  specific  genetic  probes  have  been  used  in  procedures  to 
classify  pathogenic  Lelshmanla  species  and  to  detect  Lelshm?nla 
parasites  in  infected  sandflies.  Identification  of  clinically 
important  Yersinia ,  Salmone  1  la  and  Shi ge  1  la  strains  has  also  been 
possible  using  these  procedures.  Finally,  these  probes  have  been 
successfully  employed  to  detect  DNA  in  recombinant  E.  coll  and 
Salmonella  hybrid  strains.  At  tlje  present  time,  the  probes 
employed  are  radiolabelled  with  nucleotides  for  detection 

purposes.  Recently,  a  program  has  been  initiated  in  collaboration 


with  the  Division  of  Biochemistry,  to  investigate  the  use  of  safer, 
more  stable  methods  to  tag  and  detect  probes  with  color  reactions 
Instead  of  radioisotopes. 

Recommendations  for  the  future: 

1.  Genetically  modify  the  _S.  typhl  Ty21a  strain  to  express  the 

cell  surface  antigenic  determinants  of  f lexneri  serotype  3  and 

_S_.  dysenterlae  serotype  1.  These  new  strains  could  be  used  in 
combination  with  the  previously  developed  _S_.  typhi-Shigella  hybrid 
vaccine  strains  to  produce  a  single  multivalent  vaccine  that  will 
protect  against  typhoid  fever  and  the  four  most  common  causative 
agents  of  shigellosis.  Also,  the  recently  cloned  form  1  antigen 
genes  will  be  inserted  into  the  S_.  typhi  Ty21a  strain;  this 
derivative  should  have  both  increased  stability  and  expression  of 
the  form  I  antigen  and  should  be  a  better  vaccine  than  the  one 
initially  constructed. 

2.  Use  the  Vi  antigen  DNA  probes  in  the  development  of  a  rapid 
assay  for  field  use  to  detect  typhoid  fever  bacteria  in  diseased 
t  roops. 

3.  Inserting  the  genes  for  toxoid  antigens  into  the  typhi  oral 
vaccine  strain  to  produce  a  vaccine  protective  against  typhoid 
fever  as  well  as  the  enterotoxigenic  diseases  caused  by  Vi  brio 
cholera  and  E_.  coll .  Similar  technology  is  contemplated  to  produce 
effective  vaccines  against  still  other  enteric  diseases. 

4.  Once  cloned  by  recombinant  DNA  techniques,  the  Shigella 
p' asmid-borne  determinants  needed  for  epithelial  cell  penetration 
should  serve  as  an  excellent  molecular  probe  with  which  to  rapidly 
detect  dysentery  bacteria  in  the  stools  of  diseased  soldiers 
/patients.  Such  a  test  would  be  very  valuable  to  the  military. 

5.  Use  of  genetic  manipulations  of  Shigella  and  Sa lmonella  species 
to  dissect  the  steps  involved  In  the  respective  disease  processes, 
the  findings  of  which  should  provide  basic  genetic  Information  and 
new  insights  into  methods  for  both  prophylactic  and  chemother¬ 
apeutic  intervention. 

6.  Further  examination  of  the  specific  role  of  plasmids  in  the 
virulence  of  Sa Imone  1  la  species. 

7.  New  genetic  studies  directed  at  creating  mutations  in  Shi  gel  la 
and  Sa Imone 1  la  which  inhibit  the  virulence  of  the  organism  at 
various  steps  in  the  disease  process.  The  purpose  of  these  mutants 
is  to  define  new  steps  in  the  pathogenic  process  and  to  map  the  new 
genetic  determinants  of  virulence. 
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8.  Continue  collaborative  efforts  at  cloning  various  surface 
antigenic  determinants  of  Neisseria  gonorrhoeae,  JS.  coli ,  and 
Rickettsia  for  the  development  of  vaccines. 

9.  Develop  DNA  probes  that  will  be  sensitive  enough  to  detect  a 
very  small  number  of  Lelshmanla  parasites  in  any  kind  of  sample, 
such  as,  a  culture  of  promastigotes  grown  in  a  small  volume  of 
culture  media,  a  clinical  specimen  prepared  by  blotting  a  filter 
directly  onto  a  patient's  lesion,  or  from  a  single  infected 
sandf ly . 
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P  roblem 

Diarrheal  disease  has  been  a  component  of  military 
campaigns  since  biblical  times.  In  recent  history  these 
diseases  play  an  important  role  in  the  British  defeat  at 
Gallipoli  and  caused  significant  illness  in  American 
troops  in  North  Africa  and  the  South  Pacific  in  WWII,  in 
Korea,  in  Lebanon  and  in  Viet  Nam.  The  pathogenesis  of 
bacterial  infections  of  the  intestinal  tract  is  studied 
using  techniques  of  biochemistry,  genetics,  molecular 
biology,  physiology  and  pathology  to  establish  the  factors 
and  mechanisms  which  are  involved  in  the  disease 
process.  The  current  objectives  of  this  work  are  to 
understand  the  interaction  of  enteric  pathogens  with 
intestinal  epithelial  cells  and  to  develop  vaccines  to 
prevent  disease. 

P  rogress 

The  invasive  phenotype  in  JS  .  f  1  exneri  is  associated 
with  the  presence  of  a  140  Mdal  plasmid.  Plasmid 
expression  was  studied  in  anucleate  minicells,  and  fifteen 
polypeptides  were  identified  as  virulence  plasmid 
transcripts.  Noninvasive  mutants  were  made  by  insertion 
of  the  T n_5_  antibiotic  resistance  transposon  into  the  140 
Mdal  plasmid,  and  it  was  found  that  various  combinations 
of  .  six  polypeptides  were  no  longer  transcribed  in 
rainicells.  Similar  changes  in  plasmid  expression  were 
observed  in  shigellie  grown  at  30°C,  a  temperature  which 
causes  a  reversi ole  loss  of  the  invasive  phenotype. 

R ad  1 o i od i na t i on  of  intact,  viable  shigellae  labeled  three 
of  the  six  polypeptides  associated  with  the  invasive 
phenotypes.  This  indicates  that  these  three  polypeptides 
are  exposed  on  the  bacterial  surface.  The  plasmid-coded' 
polypeptides  thus  far  identified  are  probably  important 
antigens  to  be  included  in  a  shigella  vaccine. 
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The  complete  Shigella  dysenteriae  1  somatic  antigen 
has  been  transferred  to  a  JE.  coli  K-12  strain  which  now 
enhances  opportunities  to  construct  a  vaccine  against  this 
serotype . 

Over  200  hybridoma  cell  lines  have  been  developed 
which  produce  antibody  reactive  with  S  .  flexnerl  5  lysates 
in  an  enzyme-linked  immunoassay.  The  antibodies  produced 
by  these  cultures  recognize  at  least  5  different  shigella 
protein  antigens,  three  of  which  are  exposed  on  the 
organism’s  surface.  The  antigen  specificity  of  the 
monoclonal  antibodies  was  determined  by  immune 
precipitation  of  radiolabeled  shigella  polypeptides  or  by 
immunoblotting  procedures.  These  monoclonal  antibodies 
will  aid  in  the  identification  of  shigella  antigens 
involved  in  invasion. 

A  new,  sensitive  measure  of  shigella  invasiveness  has 
been  developed  for  in  vitro  experiments.  This  system 
measures  the  ability  of  virulent  shigella  to  form  plaques 
in  HeLa-cell  of  L-cell  monolayers.  The  plaques  are  a 
result  of  intracellular  multiplication  and  intercellular 
spread  with  resultant  cytopathic  effects  on  the  host 
cells.  Initial  studies  have  indicated  that  '  plaque 
formation  is  correlated  completely  with  the  presence  of 
the  14  0  raegadalton  virulence  plasmid.  The  shigella-plaque 
assay  will  allow  sensitive  quantitative  investigations  on 
shigella  invasiveness  such  as  the  capacity  of  antibody  to 
neutralize  plaque  formation. 

Using  hybridoma  technology,  five  different  mouse  cell 
lines  have  been  produced  which  secrete  antibody 
recognizing  the  Vi  antigen  of  Citrobacter  intermedius .  To 
determine  if  more  than  one  epitope  on  the  citrobacter  Vi 
antigen  was  recognized  by  the  5  monoclonal  antibodies, 
competitive  binding  assays  were  used  in  an  enzyme- 1 inked 
immunoassay.  In  this  system  unlabeled  monoclonal 

antibodies  were  used  to  inhibit  the  binding  of  horseradish 
pe r ox i d a se- c o n j u ga t ed  monoclonal  antibodies.  Two 

antibodies  (5284  and  5682)  blocked  the  binding  of  all 
other  monoclones,  while  another  monoclone  (55812)  was 
inhibited  by  all  5  Vi  monoclones.  These  results  indicate 
that  several  different  antigenic  determinants  exist  on  the 
Vi  antigen.  In  addition,  mouse  ascitic  fluids  from  four 
of  the  hybridomas  protected  ICR  mice  from  a  lethal 
challenge  of  Sa  Imonella  t  v  p  h i  (TY2).  These  monoclonal 
antibodies  may  provide  useful  diagnostic  reagents  for  the 
detection  of  Vi  antigen  in  urine  or  serum  and  they  will 
also  provide  a  tool  for  evaluating  the  antigenicity  of 
chemically  modified  Vi  antigen. 
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Future  studies 


1.  Plasmid-coded  polypeptides  From  virulent  and 

avirulent  S_.  f  lexner  1  will  be  analyzed  in  a  two- 

dimensional  electrophoresis  system  which  will  give  data  on 
both  isoelectric  point  and  molecular  weight  of  these 
components . 

2.  Plasmid-coded  polypeptides  will  be  isolated  by 

preparative  isoelectric  focusing  and  fractions  enriched  in 
individual  polypeptides  will  be  tested  as  protective 
antigens.  The  plasmid-coded  polypeptides  isolated  from 
preparation  IEF  gels  will  also  be  used  to  immunize  mice 
for  the  production  of  monoclonal  antibodies.  The 

monoclonal  antibodies  will  be  useful  in  the  rapid 

identification  of  the  invasive  phenotype  and  will  provide 
specific  antibody  necessary  to  study  the  biological 

function  of  the  plasmid-coded  polypeptides. 

3-  The  plaque  assay  will  be  evaluated  for  the 

capacity  to  isolate  genetically  constructed  (by  classical 
genetic  or  recombinant  DNA  procedures)  shigella  strains 
which  are  invasive.  In  addition,  to  study  the  temperature 
sensitive  aspects  of  invasion,  the  plaque  assay  will  be 
used  to  isolate  mutants  capable  of  forming  plaques  at  30°C 
(wild-type  shigella  do  not  form  plaques  at  30°C).  The 

plasmid-coded  polypeptides  of  these  mutants  will  be 
compared  to  temperature-sensitive  strains. 
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23  (U)  To  conduct  immunological  studies  of  protozoan  diseases  with  emphasis  on  malaria, 
to  produce  P.  falciparum  malaria  antigens  by  in  vitro  techniques  for  immunoassay  and 
immunochemical  analysis.  These  studies  will  aid  in  the  development  of  a  vaccine  to  pro¬ 
tect  soldiers  stationed  in  many  areas  of  the  world  against  a  major  military  disease. 

24  (U)  The  approach  used  in  these  studies  is  to  study,  in  both  animal  models  and 
through  the  use  of  in  vitro  techniques,  the  response  elicited  by  the  immune  system,  to 
determine  the  role  of  cellular  and  molecular  mediators  in  these  processes,  and  to  de¬ 
sign  experimental  immunogens  which  will  provide  the  basis  for  future  vaccine  development 
programs . 

25  (U)  82  10-83  09  We  stabilized  labile  malaria  merozolte  (blood  stage)  antigens  and 
then  used  a  monoclonal  antibody  to  remove  the  immunodominant  antigen,  thus  allowing  the 
successful  immunization  of  mice  and  the  production  of  monoclonal  hybridoma  antibodies  to 
several  additional  merozoite-surface  antigens.  These  are  now  being  produced  in  quantity 
for  further  studies.  Genomic  0NA  expression  libraries  have  been  made  in  E.  coli  and  are 
being  screened  with  antibodies  to  sporozoite  and  merozoite  surface  antigens.  A  number  of 
immunochemical  and  molecular  genetic  approaches  to  a  vaccine  are  underway.  For  technical 
report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report  1  Oct  82  - 

30  Sep  83. 
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Problems  and  _0b. j ec tj v e s  : 

Malaria  has  an many  1  nt  'r  n  in  every  major 

military  i.-v-.t  lift.  Prot-c*  mg  s^Jinrs  in  the  field  by 
administer  !>•  j  on-  ;  /  :  *ig  Malar-,  •)  vaccine  doses  before 

deployment  would  ;>_•  log  ;s*  :ca  1  ;y  much  simpler  than  currently 
available  methods  of  control  i  ng  mosquito  populations  or 
administering  ant  malarial  irugs  weekly  in  the  field.  We  are 
investigating  immune  responses  to  malaria  antigens  and  are 
attempting  to  produce  candidate  vaccine  antigens  by  genetic 
eng i neer i ng . 

The  major  objectives  are  1;  to  identify  the  best  parasite 
antigens  to  furtner  evaluate  as  vaccine  candidates,  (2)  to 
determine  how  much  antigenic  violation  tnem  is,  and  (3)  to 
produce  the  antigens  through  j*.-- •••  t  it.  engineering  in  bacteria  in 
sufficient  quantity  and  pur  if,  so  ’  naf  “•*>')  (A)  they  can  be  tested 
for  their  ability  to  induce  protective  immunity  in  experimental 
animals. 


Progress  : 

Asexual  blood  stages: 

Major  progress  has  been  made  in  producing  hybridomas  which 
secrete,  monoc lonal  antibodies  I  maps'  to  parasite  surface  antigens 
likely  to  be  involved  in  protective  immunity.  These  were  produced 
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by  immunizing  mice  with  antigens  stabilized  by  techniques  we 
developed  last  year  using  immune  sera  and  St rep tomyces -derived 
protease  inhibitors.  The  MAbs  include  (a)  several  which  react 
with  75  and  85  kd  antigens  which  appear  on  the  merozoite  surface 
after  processing  from  a  heavier  precursor  antigen  in  the  schizont, 
(b)  one  which  seems  to  react  with  activated  merozoites  attached  to 

erythrocytes  and  with  early  ring-infected  erythrocytes,  and  (c) 

one  which  reacts  with  the  schizont-inf ected  erythrocyte  surface. 
These  are  being  examined  immunochemically  and  ultrastructural ly, 
and  evaluated  for  their  ability  to  inhibit  parasite  growth. 

Using  another  MAb  which  we  had  produced  earlier  against  a 
major  195  kd  schizont  glycoprotein  antigen,  we  demonstrated  in 
collaboration  with  a  group  at  NIH  that  contrary  to  previous 

reports,  this  antigen  does  not  appear  on  the  schizont-infected 

erythrocyte  surface  (Howard  ref.) 

Work  on  strain-specific  immunity  has  yielded  little  progress 
this  year,  in  part  because  of  a  mix-up  in  parasite  strains  which 
has  now  been  corrected.  One  paper  from  previous  work  was  accepted 
for  publication  (Vernes  ref.),  and  we  are  now  renewing  our  efforts 

The  recombinant  DNA  lab  is  now  in  operation.  We  have 
produced  genomic  DNA  expression  libraries  of  _P.  falciparum  which 
are  being  screened  with  monoclonal  antibodies  to  parasite 
antigens.  We  have  also  begun  to  utilize  techniques  of  parasite 
mRNA  translation,  copying,  and  insertion  into  Okayama-Berg  type 
cDNA  cloning  and  expression  vectors. 

We  demonstrated  that  tumor -necrosis  factor  (TNF)  or  a  TNF- 
like  factor  in  serum  can  kill  _P.  falciparum  inside  erythrocytes 
(Haidaris  ref.).  We  also  demonstrated  several  oxygen-dependent 
mechanisms  of  parasite  killing. 

We  collaborated  with  the  group  working  on  the  sporozoite 
surface  antigen.  This  included  developing  methods  for  an  ELISA 
which  detects  sporozoite-infected  mosquitos  and 
electrophoresis  and  detection  of  small  amounts  of  the  sporozoite 
antigen  using  western  blotting. 

In  late  September  three  scientists  joined  us.  Dr.  Jeffrey 
Chulay  returned  from  Nairobi  where  he  worked  on  leishmaniasis  and 
malaria.  He  will  lead  the  immunobiology  effort,  concentrating  on 
in  vitro  growth  inhibitition  and  strain-specificity.  Dr.  Terence 
Hadley  came  from  NIH  where  he  studied  malaria  proteases, 
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erythrocyte  receptors,  and  surface  antigens.  He  will  continue 
immunochemical  studies  of  a  P_.  falc  iparum  merozite  surface  antigen 
that  cross-reacts  with  an  inhibitory  MAb  against  a  P_.  knowlesi 
merozoite  antigen.  Dr.  Daniel  Camus  is  a  visiting  professor  from 
the  University  of  Lille,  France,  where  he  most  recently  investi¬ 
gated  alterations  in  blood  antigens  during  malaria  infections.  He 
will  be  comparing  parasite  antigens  found  in  culture  superntants 
with  protease-labile  cel  1 -associated  antigens. 

We  are  now  hiring  a  much  needed  supervisor-invest igator  for 
the  culture  and  immunobiology  lab.  We  are  beginning  to  use 
computers  to  better  handle  much  of  our  scientific  data  manipu¬ 
lation  and  inventory  control. 


Recommendations: 


Continue  with  present  research  plans.  We  need  to  (1)  recruit 
another  recombinant  DNA  scientist;  (2)  further  explore  the  possi¬ 
bilities  for  coordinating  in-house  efforts  with  other  groups  and 
companies  through  col laborat  ions  and  contracts;  (3)  recruit  an 
immunochemistry  lao  assistai.r  to  replace  Ms.  Pratt,  who  left  to 
attend  medical  school;  (4)  e>: _nd  our  staff  of  research  assistants 
in  order  to  make  better  u:.j  of  the  newly  arrived  professional 
staff;  (5)  renovate  some  of  the  labs  and  add  two  well  equipped 
chemistry  labs  with  chemical  fume  hoods;  (6)  acquire  several 
microcomputers  for  stand-alone  use,  and  for  use  as  VAX  terminals, 
so  that  they  are  accessible  to  all  investigators  for  data  entry 
and  manipulation;  \7)  prepare  for  large  budget  increases  to  sup¬ 
port  testing  of  vaccine  candidate  antigens  as  they  are  produced  in 
the  next  year  or  so. 
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Antigen;  (U)  DNA;  (0)  Tlasmid;  (U)  Hvhridomi;  (0)  Immunoglobulin; (U)  Toxin 


( u  )  i.i  e  oh  o'*:  ;  ve  is  re-  conduce  studies  on  .  hi  ochetn  i  c»n  I  n 

processes  related  ■ bacteria  2 ,  parasitic  and  viral  iisn.ise:  > 


v  It  r  a*  eat  »•••  •*«  ^  j «  /  C  «*a  1 

t ve  's  to  conduct  studies  on  biochemical  molecular  and  cellular 


processes  related  to  nactenal,  parasitic  and  viral  iisease:  >f  importance  to  the 
military.  Molecu  ;  «■  r;  which  r.r.  h-  bv-produe rs  of  the  disease  state,  of  the  invading 
organism  and  of  the  immune  system  c f  the  host  ire  being  identified  and  character¬ 
ised.  Types  of  molecules  of  interest  include  toxins,  antigens,  nucleic  acids, 
enrymes,  ;  -.nuno;;  1  ohu  1  i  ns ;  diagnostic  tests  and  prophylaxis  for  military  diseases  are 
'  he  envisioned  prods-’  s  of  th. i  ;  w<  r-  . 

2'*.  (V)  Th.e  approach  includes  the  di  s.  islin-s  of  biochemistry,  microbiology, 

immunology  and  cell  biology.  "ac  mm  o  i  ecu !  os  purified  and  characterised.  Studies 

of  virulence  potential  will  be  performed  us  ?  •»>  m  1  1  -f  reu  ecxvme  assays ,  immuno¬ 


chemical  assays  and  c 
to  prepare  monoclone. 


•culture  and  nr. : ms 


Myhridoma  technology 


to  prepare  monoclonal  ant  l  :;od :  -‘-s  to  compose-.  •  :  pathogen’-  is  employed. 

Recombinant  DNA  technologv  is  being  applied  to  studv  of  virulence. 

•  (iybridomas  which  produce  none  •  Icn.i  1  anr  ?  bodies  to  Oh:  ga  toxin  have  been 
selected  and  the  antibodies  have  been  isolated  and  cha r to t •> r i ;d .  Salmonella 
tvph'murinn  hybrids  which  express  Shigel’i  flexmeri  s.or  ttic  i.l'S  antigens  have  been 
isolated  and  characterised.  The  giycolipid  cell  surface  receptor  for  Shiga  toxin 
has  been  isolated  and  identified  as  a  gloh’side  i  i  i  ng  a  giad-’-A  gal 

di saccharide.  Cvtotoxin  from  C.  di  ff jrtle  has  h . .  purified;  founi  to  inhibit 


profejn  synthesis  and  cause  K  +  los;  from  .cell  .. 
technology,  new  species  of  Vibrio  associate:  wi:’ 
Shiga  toxin  does  not  cause  hydrolysis  of  2RsRNA 
protein  synthesis.  For  technical  reports,  sec 
Research  Annual  Progress  Report  1  Oct  82  -  30  do ■ 


■r  purified;  founi  to  inhibit 
Via  u.c  o!  DNA  molecular  homo  logs 
'•■.man  disease  hive  been  defined, 
d  does  cot  ptm-'/i  u'  initiation  of 
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DESCRIPTION: 

I 

The  mission  is  to  design  and  execute  research  programs  that  provide 
fundamental  biochemical  and  molecular  definitions  of  diseases  relevant  to 
the  military,  j Factors  associated  with  disease  processes  such  as  virulence 
determinants  and  toxins  of  organisms,  biochemical  and  metabolic  mechanisms 
of  pathogens,  And  products  of  host  responses  to  disease  are  being  studied 
through  the  usA  of  physiocochemical,  biochemical,  microbiolo  ical  and 
immunological  Concepts  and  techniques.  Such  information  provides  a 
rational  basis! for  immunological  and  chemotherapeutic  protection  against 
disease  and  the  development  of  accurate  diagnostic  procedures. 

j 

A.  Studies  of1 Shigella  and  Their  Toxins. 

j 

1 .  Release  of  Shiga  Toxin. 

i 

The  release  of  Shiga  toxin  from  Shigella  dvsenteria  1  by  polymyxin  B 
was  investigated.  The  amount  of  Shiga  toxin  released  from  exponential 
cultures  of  S. I dysenterlae  1  strain  3818-0  was  dependent  on  both  polymyxin 
concentration  and  time  of  incubation.  Cell  lysis  was  demonstrated  follow¬ 
ing  the  exposure  of  a  cell  suspension  to  polymyxin  B  by  a  decrease  in 
turbidity  of  the  suspension.  An  immunoblot  characterization  of  Shiga 
toxin  released!  by  polymyxin  demonstrated  that  it  is  electrophoretlcally 
similar  to  purified  Shiga  toxin  and  to  Shiga  toxin  present  in  crude 
bacterial  lysates  of  S.  dysenterlae  1  cells. 


2. 


isolation  and  Characterization  of  Monoclonal  Antibodies  to  Shiga 
Toxin . i 


Hybridoma  cell  lines  which  produce  monoclonal  antibodies  to  Shiga 
toxin  from  Shigella  dysenterlae  were  prepared.  The  monoclonal  antibodies 


lere  .ill  of  the  imiminoj;  1  ohu  1  i  n  '11  isotype  and  differed  in  their  ability  to 
neutralize  cytotoxicity  an.*  to  hind  to  Shirt  toxin  i  :i  a  solid-phase  radio¬ 
immunoassay  .  When  list'd  for  inr.ii'inblni  analysis,  these  antibodies  were 
able  to  identify  specifically  hotli  nicked  and  unnicked  Shiga  toxin  in 
crude  lysates  of  S.  dy c,-n r e r iae  . 

3.  On  the  mechanist;  of  Vi  ion  of  Shi. -a  Toxin  in  the  Inhibition  of 
Kukarvotic  Protein  Synthes  is ■ 

We  have  observed  '.hat  Shim  toxin  appears  to  affect  eukarvotic  nrot'  • 
svnthesis  by  inhibition  of  the  ami  noacvl  t  R.VA  binding  step  ot  peptide, 
elongation  in  a  -manner  similar  to  t'-nr  ot  a-s.irdn.  Since  the  mecb.ciism 
of  a-sarcin  involves  hydrolysis  of  2SS  rRNA  in  <>0S  ribosonal  subunits, 
the  action  of  Shiga  toxin  on  2NS  rRNA  was  examined  to  determine  if  its 
mechanism  of  inhibition  was  similar  to  that  of  j-sarcin.  Toxin  purified 
to  homogeneity  from  Shigella  dysenteri.no  I,  strain  ISIS  0,  was 
preincubated  with  5  ug/ml  TPCK-t ry ns i n  followed  by  19  ng/ni  phenvl- 
met  hy  lsu  1  f  onv  1  fluoride,  2.S  ng/ml  urea  and  ldm.M  d  i  t  h  i  otbrei  tol  .  Toxin- 
inactivation  of  rabbit  reticulocyte  ribosomes  was  carried  out  by  addition 
of  toxin  to  either  lvsate  or  rud^  ribosonal  pellet  at  a  molar  ratio  of 
toxin  to  SOS  ribosome  of  1:10.  [  H]  leucine  incorporation  into  acid- 

insoluble  material  in  lvsate  r-re-vtr.it  Jens  v  is  co-pl  etc  1  v  inhibited  by  this 
amount  of  toxin.  Ribosonal  RN'A  was  extracted  from  control  or  toxin- 
treated  ribosomes  and  analyzed  Ky  pol  va;  ry  1  am  1  de-aga  rose  gel  electro¬ 
phoresis.  Although  fragments  derived  from  2bS  rRNA  were  observed  from  a- 
sa  rc  i  n-t  rea  t  ed  ribosomes,  no  h-'-'rol  ys  i  s  of  2-SS  or  18S  rRN'A  was  detected 
from  Shiga  toxi n-t reared  ribosomes.  Thus,  it  appears  that  Shiga  toxin 
inactivates  ribosomes  in  a  manner  d  i  f  f  ■.  rent  than  a-sarcin. 

4.  Shiga  Toxin  Does  Not  Affeit  initiati  n  of  Protein  Synthesis- 

Shiga  toxin,  the  protein  toxin  of  Shigella  dysenf eri ae  1  has  been 
shown  to  inhibit  eukaryotic  pr-M-vii  synthesis  ca  t  a  1  v  t  i  ca  1  1  v .  We  have  now 
examined  toxin  action  for  its  , ■  f ■  t* r  up  initiation  of  protein  synthesis. 
Toxin,  purified  to  homogeneity  from  S.  dysenf or i no  !,  strain  38)80,  was 
activated  wit'”  TPCK- 1  ry  ps  i  n  f  ■  j  S  lowed  be  phenv  lmet  iiy  1  su  1  f  ony  1'  fluoride, 
urea  and  d  i  th  i  ot  lire  i  t  o  1  .  A  Shi  e  i  toxin  concent  rat  i  on  of  1  ug/ml  which 
completely  inhibits  protein  synthesis  in  reticulocyte  lysate  was 
utilized.  T n  the  presence  of  ribp-omal  salt  wash  fraction,  formation  of 
the  ternary  initiation  complex  [  5S)Met  •  tRNAf-eIF  2-GTP  was  not  affected 
by  the  toxin.  Further,  when  sucrose  gradient-isolated  ribosomes  were 
added,  codon-d  i  rec  t  ed  binding  of  f  "’S  ]Met  •  tRNAp  to  the  4  OS  ribosome  was 
not  inhibited  by  toxin.  Toxin  effects  on  protein  svnthcsis  initiation  in 
complete  reticulocyte  lysates  were  monitored  in  the  presence  (  S]Mct  • 
tRNAf .  Accumulation  of  the  initiation  complex  [  JS]Met  •rRN’A)--40S 
ribosomal  stibuni  t-mRN’A,  promoted  in  response  to  N.iF  and  3,  i-net  hy  1  one 
CTU ,  was  not  inhibited  in  the  presence  of  Shinn  toxin.  Finally, 

[  5S  ]  •  tRN'A-80S  r  i  bosome-nRVA  complex  formed  in  Silica  toxin-treked 
lysates  was  fullv  capable  of  reacting  witi'  purnmvrin  to  yield  [  S] 
me t h i on v 1 pu romy r i n .  We  conclude  that  Shiga  toxin  inhibits  protein 
synthesis  without  affecting  the  initiation  process. 
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5 .  Identification  of  the  Receptor  Glycolipid  for  the  Toxin  of 
Shigella  dysenterlae. 


Necrosis  of  the  epithelium  of  the  colon  is  part  of  the  pathogenesis  of 
bacillary  dysentery  after  infection  with  Shigella  dysenterlae.  The 
necrosis  is  due  to  an  invasion  of  the  bacterium  into  the  epithelium  and  to 
production  of  a  toxin  which  appears  to  inhibit  protein  synthesis.  The 
purified  toxin  has  a  molecular  weight  of  70,000  and  is  composed  of  one 
heavy  and  4-5  light  subunits  similar  to  the  case  for  cholera  toxin.  The 
toxin  has  recently  been  purified  on  a  milligram  scale  allowing  more 
detailed  studies  on  its  structure  and  mechanism  of  action.  In  the  present 
work  the  binding  of  125-I-lahe l led  toxin  to  glycolipids  was  studied  using 
a  modification  of  a  technique  for  antibody-binding  to  a  thin-layer 
chromatogram  (5)  and  also  ordinary  microtiter  plates.  The  results  from 
analysis  of  total  glycolipid  extracts  from  many  tissues  and  quantitative 
studies  of  pure  glycolipids  show  a  binding  specificity  for  Gal  al  +4Gal  in 
terminal  or  internal  position  with  highest  affinity  for  the  blood  group 
P^antigen.  The  toxin  is  more  restrictive  in  its  binding  then 
uropathogenic  E.coli ,  which  have  been  proposed  to  have  an  identical 
disaccharide  receptor  and  which  tolerate  any  extension  of  the  saccharide 
chain. 

The  role  of  the  toxin  in  the  pathogenesis  of  dysentery  in  human  colon 
is  unclear.  Inhibition  of  protein  synthesis  through  binding  to  the  60S 
ribosomal  subunit  appears  to  be  the  basic  toxin  effect  and  the  different 
expressions  in  different  animal  species  and  tissues  may  in  part  be 
explained  by  selection  at  the  receptor  level.  A  number  of  cell  lines  have 
been  analyzed  for  presence  of  receptor.  Vero  cells  were  highly  reactive 
and  shown  to  contain  receptor  type  glycolipids.  Epithelial  cells  of  human 
small  intestine  seem  to  lack  receptor  type  glycolipids,  correlating  with 
an  absence  of  toxin  effect  in  this  organ.  However,  rabbit  small  intestine 
contains  globotriaosylceramide  of  the  more  hydroxylated  type  typical  of 
epithelia'  origin  which  may  explain  electrolyte  fluid  secretion  of  ileal 
loops  wher.  exposed  to  toxin.  Similarly,  the  presence  of  slow-moving 
globotriaosylceramide  of  human  meconium  may  suggest  receptors  on  the  colon 
epithelium. 

B .  Studies  of  Clostridial  Toxins- 

1 .  Differential  Cytotoxic  Effects  of  Toxin  A  and  Toxin  B  Isolated 
from  Clostridium  difficile. 

Clostridium  difficile,  the  causative  agent  of  antibiotic-associated 
colitis,  produces  two  protein  cytotoxins,  designated  A  and  B.  We  have 
examined  the  partially  purified  toxins  isolated  from  culture  supernatant 
fluids  for  their  effect  on  HeLa  cells.  The  toxins  were  purified  and 
separated  by  hollow  fiber  ultrafiltration,  Pheny 1-Sepbarose  CL-4B 
chromatography,  and  DEAE-Sepharose  CL-6B  chromatography.  Analysis  after 
polyacrylamide  gel  electrophoresis  using  Coomassie  blue  staining  and 
elution  of  cytotoxicity  demonstrated  complete  separation  of  toxin  A  and 
toxin  B.  Cytotoxic  activity  was  quantitated  by  absorbance  measurement  of 
crystal  violet-stained  HeLa  cell  monolayers  after  overnight  incubation. 
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Both  preparation  were  adjusted  to  equivalent  cytotoxic  activity. 
Subconfluent  cell  monolayers  were  incubated  with  serial  dilutions  of  each 
toxin  for  periods  from  5  min  to  24  hr.  Incorporation  of  [ 14C ] -leuci ne 
into  ac id-prec i p i table  material  was  inhibited  at  3  hr  by  toxin  A,  whereas 
toxin  B  did  not  inhibit  even  at  4  hr.  Intracellular  K  levels  decreased 
within  120  min  after  treatment  with  toxin  A.  An  effect  by  toxin  B  was  not 
detected  even  at  4  hr.  As  expected  from  the  cytotoxicity  assay,  [  x]~ 

leucine  incorporation  and  K+  retention  after  24  hr  incubation  were 
decreased  by  each  toxin  in  proportion  to  the  cytotoxic  dose. 

C.  Studies  of  Intergerneric  Hybrids. 

1 .  Isolation  of  Salmonella  typhimuriun  Hybrids  Which  Express  Shigella 
fexneri  Somatic  Antigens • 

The  genes  controlling  synthesis  and  expression  of  S_.  f lexneri  group- 
and  type-  specific  antigens  were  transferred  to  S.  typhimurium  LT7 
recipients  by  conjugation  with  a  S.  flexneri  Mfr  donor.  Previous  studies 
have  established  that  the  S.  flexneri  3,4  group  antigen  gene(s)  are 
positioned  near  the  his  operon  whereas  the  type-specific  2  antigen  gene(s) 
are  linked  to  the  pro  locus.  S_.  flexneri  2a  Hfr  256  was  crossed  with 
recipient  S.  typhimurium  LT7  his  404  ^ro  51  and  PRO  transcon jugants  were 
recovered  at  a  frequency  of.  about  10  per  donor.  Such  PRO  hybrids  were 
then  remated  with  the  same  Hfr  donor,  selection  being  made  for  inheritance 
of  the  donor  his  chromosomal  region.  Genetic  analysis  revealed  that  some 
of  these  S.  typhimurium  PR0+  HIS"’’  hybrids  had  also  received  genes 
controlling  S.  flexneri  0  antigens.  Antisera  prepared  by  immunizing 
rabbits  with  such  hybrids  had  high  agglutinin  titers  against  0  antigens  of 
both. genera.  In  addition  to  expressing  th°ir  native  4,12  somatic  antigen, 
these  hybrids  readily  expressed  both  the  group  3,4  and  tvpe  2  antigens  of 
S .  flexneri . 

D .  N'ucleotide  Sequence  Relatedness  Anong  Fnt  erobac  t  ereacea  e 

1.  Classification  of  Group  DF-2 :  A  Cause  of  Septicemia  Following  Dog 
Bite. 

Twelve  strains  of  an  unc  lass  i  f  i  t?d  gran-negative  bacterium,  designated 
group  DF-2,  and  three  related  strains,  were  studied  phenotypi callv  and 
genetically.  DMAs  from  the  DF-2  strains  (isolated  from  human  blood 
specimens  and  frequently  associated  with  dog  bites)  were  SA07  related 
(hydroxyapatite  method  60"C  or  75°C).  ~he  other  three  strains  (two 
isolated  from  hand  wounds  caused  bv  dog  bites  and  one  fr-vn  a  dog's  mouth 
were  687,-757,  related  at  75®C.  DMA  relatedness  between  the  groups  was  137- 
21%.  Three  species  of  Capnocy tophaga  were  <87  related  -a  both  groups. 

The  G+C  content  of  DF-2  strains  (optical  thermal  dena t u ra t i on )  was  367 
and,  of  the  second  group,  347.  Major  charac t er i s t i cs  of  DF-2  include  the 
following:  acid  but  no  gas  from  D-glucoso,  lactose,  and  maltose;  positive 

reactions  from  oxidase,  catalase,  arginine  dihydr-- !  rsp,  gliding  motility, 
and  ON'PG;  growth  enhanced  bv  serum  and  by  incuhati  m  in  a  candle  jar 
atmosphere;  negative  reactions  for  nitrate  reduction,  indole,  and  growth 
on  MacConkev  agar.  Two  strains  of  the  second  DMA  relatrdness  group  had 
the  above  characteristics  except  that  acid  was  formed  from  sucrose.  The 
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third  strain  was  also  sucrose-negative  but  was  unique  by  being  markedly 
adherent  to  the  surface  of  blood  agar.  The  DNA  data  indicate  the  12  DF-2 
strains  are  a  single  species,  and  the  additional  three  strains  constitute 
a  second  species.  Both  species  are  distinct  from  Capnocy tophaga .  There 
are,  however,  similarities  between  the  two  unclassified  species  and 
Capnocy tophaga,  i.e.,  gliding  motility,  enhancement  of  growth  in  a  candle 
jar  atmosphere,  cellular  morphology,  and  G+C  content,  that  indicate  they 
could  be  considered  new  species  in  the  genus  Capnocytophaga .  This  would 
require  the  inclusion  of  oxidase-  and  catalase-positive  strains  in  the 
genus. 

2 .  DNA  Relatedness  Among  Vlbrionaceae ,  with  Emphasis  on  the  Vibrio 
Species  Associated  with  Human  Infection. 

Relatedness,  as  assayed  by  DNA  hybridization  (hydroxyapatite  method  at 
60°C  and  75°C)  was  determined  among  type  and  reference  strains  that 
represented  almost  all  species  of  Vibrio .  Strains  from  species  of  known 
or  potential  clinical  significance  were  characterized  phenotypically  and 
by  source  of  isolation,  as  well  as  by  DNA  relatedness.  The  results 
confirmed  and  extended  indications  of  extreme  genetic  heterogeneity  within 
the  genus  Vibrio  previously  observed  by  Baumann  and  others.  DNA  related¬ 
ness  fell  to  less  than  10%  among  Vibrio  species.  Heterogeneity  was  not 
confined  to  a  single  group  as  less  than  10%  relatedness  was  seen  among 
environmental  strains  as  well  as  among  clinically  significant  strains. 
Phenotypic  and  DNA  relatedness  (polyphasic)  studies  of  clinical  strains 
indicated  the  existence  of  three  new  pathogenic  species.  Vibrio  mlmicus. 
Vibrio  holllsae,  and  Vibrio  damsela,  and  confirmed  the  existence  within 
Vibrio  fluvialis  of  a  fourth  new,  potentially  pathogenic  species.  We  have 
now  shown  that  the  gas-producing  (aerogenic)  strains  that  had  been  includ¬ 
ed  in  V.  fluvialis  are  a  separate,  as  yet  unnamed,  species.  Biochemically 
atypical  strains  of  Vibrio  cholerae  (lysine-negative,  salicin-positive,  or 
luminescent),  Vibrio  parahaemolyticus  (urea-positive),  and  V_.  vulnlf icus 
(sucrose-positive)  were  genetically  typical  members  of  their  respective 
species  (above  70%  DNA  relatedness).  The  only  Vibrio  species  (of  26 
tested)  that  were  40%  or  more  interrelated  were  V.  cholerae-V .  mimicus ;  V_. 
fluvialis  -  aerogenic,  unnamed  species;  and  V.  parahaemoly t icus-V . 
alginolyt icus-V .  camphel 1 1-V .  harveyi.  At  some  point  it  may  be  desirable 
to  propose  a  classification  for  the  genus  Vibrio  that  will  reflect 
phenotypic  and  genetic  species  groups.  One  approach  to  this  problem  is 
discussed . 

E .  Studies  of  Lipoproteins. 

1 •  Quantitation  of  Apoliproteins  from  High  Density  Lipoprotein  by 
Size  Exclusion  High  Performance  Liquid  Chromatography. 

A  method  for  quantitation  of  apoliproteins  by  size  exclusion  HPLC  has 
'..en  developed  that  does  not  employ  chemical  denaturants  such  as  urea, 

•  canididium  chloride  or  SDS.  Plasma  was  obtained  from  fasted  human 
donors,  and  HDL  was  isolated  by  sequential  ultracentrifugation.  Apo  HDL 
ids  prepared  by  the  method  of  Shore  and  Shore  [Biochemistrv  8^,  4510-4516 
(1559)].  HPLC  was  performed  on  TSK-125  and  TSK-250  columns  (BioRad 
Laboratories)  connected  in  series  and  eluted  with  0.1M  phosphate  buffer 

163 


i 


(pH  7.2)  at  1  nl/min.  The  columns  were  calibrated  with  molecular  weight 
standards  including  Apo  A-I,  A-II,  and  C-III  (Ca Ibiochem-Behring ) 
monitored  at  280nm.  When  20  to  250  up  of  apo  HDL  was  chromatographed, 
protein  recoveries  were  approximately  85".  '  The  column  eluants  were 
screened  for  reactivity  against  antisera  to  apo  A  peptides  (Calbiochem- 
Behring)  and  identity  of  peaks  was  confirmed  by  SDS/urea-  PACE  followed  by 
immunoblot  analysis.  When  Apo  A-I  was  isolated  by  HPLC  and  interacted 
with  unilamellar  egg  yolk  lecithin  vesicles.  It  was  effective  in  the 
disruption  of  the  vesicles  to  form  smaller  apo  A-I  stabilized  particles. 
Thus,  a  method  for  isolation  and  quantitation  of  biologically  active  apo 
HDL  molecules  has  been  developed  using  size  exclusion  HPLC.  Supported  by 
U.S.  Army  Health  Services  Command. 

F .  Studies  of  Campylobacter 


Isolation  and  Characterization  of  Campy lobacter  jejuni  from  Selected 

Vertebrates  . 

Charui.  t  ei  i  za  t  ion  of  Campy  lobacter  jejuni  isolates  by  antibiotic 
sensitivity  and  plasmid  profile  from  a  survey  of  1,087  animals  (38 
species)  was  performed  to  study  diarrhetic  epizootics  within  captive 
animal  groups.  Fecal  material  was  taken  during  routine  bacterial  surveys 
or  during  disease  outbreaks  in  colonies.  Isolation  was  performed  at  43  C 
with  subculturing  at  37  C.  Standard  disc  antibiotic  sensitivities  were 
performed  using  high  concentration  antibiotic  discs  and  MIC's  were  per¬ 
formed  using  Gibco  Sensititre  plates.  Bacterial  plasmids  were  isolated 
using,  NaOH-SDS  lysing  and  EtOH/Tr  i  s-Ace  tate  extraction  methods.  C_.  je  juni 
was  isolated  from  8.5H  (82)  of  the  animals  cultured.  Antibiotic 
sensitivity  patterns  confirn  previous  literature  reports.  Of  the  43 
isolates  tested, 76"  had  at  least  one  plasmid  and  28"  had  three  plasmids. 
The  results  substantiate  current  therapeutic  regimen  and  suggest  the  need 
for  examination  of  specimens  for  other  etiologic  agents  when  C_.  jejuni  is 
present  in  a  cli’ical  sample  as  all  Campylobacter  positive  cultures  were 
associated  with  animals  confirmed  for  other  viral  or  bacteria  pathogens  or 
that  had  recently  suffered  shinning  stress. 
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The  mouse  immune  sera  against  the  140,000  m.w.  protein  on  the 
merozoite  surface  did  not  immunoprecipi tate  a  140,000  m.w.  protein  from 
metabolically  labeled  schixonts.  Instead,  the  major  protein  immuno- 
precipitated  had  a  m.w.  of  144,000.  By  anax^gy  to  the  250,000  m.w. 
protein  and  its  cleavage  products,  we  propose  that  the  140,000  m.w. 
protein  on  the  merozoite  surface  Is  a  cleavage  product  of  the  higher  m.w. 
protein. 


5 .  Selective  Cytotoxicity  of  Tumor  Cells  Induced  by  Liposomes 
Containing  Plant  Phosphat 1 dv 1 inos i to  1 . 

Liposomes  containing  highly  purified  phosphat idy linositol  (PI)  from 
plant  origin  selectively  killed  tumor  cells  from  8  out  of  9  cultured  cell 
lines,  but  did  not  kill  4  types  of  normal  cells.  Other  phospholipids, 
including  PI  or  phosphat idylserine  from  animal  origin,  synthetic  phos- 
phatidic  acid,  phosphat idy lglvcero  1 ,  or  phosphatidylcholine,  were  not 
cytotoxic.  Cholesterol  enrichment  of  cells,  shown  by  other  investigators 
to  inhibit  tumor  development,  was  slightly  cytotoxic  in  this  system,  but 
the  toxic  effect  of  cholesterol  was  minor  compared  to  the  massive  cyto¬ 
toxicity  induced  by  plant  PI. 

6 .  Enhancement  of  Specific  Mucosal  Antibody  Responses  by  Locally 
Administered  Adjuvants. 

CP-20961,  is  a  small  lipoidal  amine  that  is  known  to  act  as  an 
interferon  inducer  and  also  to  have  adjuvant  activity  when  given 
parenteral  ly.  The  second  is  lipid  A  from  Oram  negative  bacteria,  which  is 
a  potent  adjuvant  and  8  cell  mitogen.  In  additiion,  we  have  studied  the 
use  of  liposomes  as  vehicles  for  effective  delivery  of  mucosally  applied 
adjuvants  and/or  antigens.  Liposomes  were  either  of  the  multilamellar  or 
unilamellar  type,  as  indicated.  When  used  as  carriers  for  lipid 
adjuvants,  such  as  CP-20961  or  lipid  A,  these  materials  were  incorporated 
directly  into  the  phospholipid  hllayer  of  the  liposomal  membrane. 

7 .  Interact  ions  of  ’ < old  A  and  Liposome-Associated  Lipid  A  with 
Llmnlus  pllyphemus  Amoehacytes. 

Lipid  A  or  lipid  A  fractions  and  liposomes  containing  lipid  A  were 
tested  for  the  ability  to  gel  L 1  mu  1 u s  amoebocyte  lysates  and  for  effects 
on  intact  Li  mu lus  amoebocvtes.  Liposomes  having  a  relatively  low 
concentration  of  lipid  A  did  not  produce  coagulation  of  lysate  and  were 
designated  as  Li  mu lus-negat i ve ,  but  liposomes  having  a  high  concentration 
of  lipid  A  were  LI mu lus-pos 1 1 1 ve .  Li  mu  1 us-nega 1 1 ve  liposomes  had  no 
effect  on  intact  amoebocytes.  1. i mu  1 us-pos 1 1 1 ve  liposomes  caused  a 
striking  transformation  in  the  appearance  of  amoebocytes  in  that  the  cells 
sent  out  long  filamentous  extensions  that  formed  a  tangled  network  of 
processes  between  cells.  The  filamentous  projections  were  similar  to 
those  that  have  been  previously  observed  in  the  presence  of  gram-negative 
bacteria.  We  conclude  that  amoebocytes  have  the  ability  to  recognize 
Limu lus-pos i t i ve  liposomes,  but  the  lack  of  activation  of  Li mu  1  us  Ivsate 
or  the  absence  of  amoebocyte  recognition  does  not  prove  the  absence  of 
liposomal  lipid  A.  We  also  found  that  individual  lipid  A  fractions  were 
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are  discussed  which  may  account  for  the  great lv  enhanced  effectiveness  of 
liposomal  chemotherapy  for  experimental  visceral  leishmaniasis. 

3 .  Monoclonal  An t i bodies  to  a  140,000  m.w.  Protein  on 
Plasmodium  K.nowlesi  Merozoites  Inhibit  Their  Invasion  of 
Rhesus  Erythrncvfes. 

Merozoites  are  the  invasive  stage  of  the  malaria  parasite  which  are 
released  from  infected  ervthrovctes  to  invade  other  ryth-ocvtes .  Antibody 
to  surface  antigens  on  merozoi  tes  may  prevent  invasi-i  ay  agglutinating 
merozoi tes  as  t hev  are  released  from  infected  erythrocytes  or  by  blocking 
receptors  before  contact  of  merozoi tes  with  the  host  erythrocyte. 
Monoclonal  antibodies  were  produced  to  a  !4u,()(in  n.w.  protein  on  the 
merozoi te  surface.  The  protein  was  synthesized  bv  the  nature  intra- 
rythrocytic  parasite,  tie*  schizont,  as  a  U  m.w.  protein  and  had  a 

m.w.  of  140,(101)  on  the  surface  of  I  rn’  me  rozo  i  t  es .  The  monoclonal 
antibodies  were  shown  to  bind  to  the  surface  of  merozoites  by  immune 
electron  microscopy.  Ascitic  fluid  containing  four  of  11  ant i -1 40 ,000 
monoclonal  antibodies  partially  Slocked  invasion  of  erythrocytes  by 
merozoites  released  from  sobi  z.mi  -infe.  ted  cells.  1'ho  low  invasion  rate 
was  alwavs  associated  with  a  Inch  t  repm-nr-v  of  multiple  infected  eryth¬ 
rocytes  (two  iar  more  rings  per  ervthroevte ) .  Monoclonal  antibodies 
purified  hv  (HH-),Sir  precipitation  and  0KAK  column  fractionation  also 
blocked  invasion  and  caused  multiple  invasion  of  individual  ervth- 
roevtes.  The  monoclonal  antibodies,  incubated  with  free  merozoites,  did 
not  block  invasion,  indieati"g  that  the  antibodies  did  not  bind  to  mero- 
zoite  receptors  for  ervthrocvtes.  We  propose  that  the  reduced  rate  of 
invasion  and  the  multiple  invasion  of  ervthrocvtes ,  the  characteristic  of 
these  monoclonal  antibodies,  was  caused  bv  weak  agg  I  u  t  i  na  t  i  on  of  mero¬ 
zoites  as  tbev  were  released  from  infected  ervthrocvtes. 

4.  The  Malaria  Merozoi  to  Surface:  A  1  40  ,  (V  l( )  M.W,  P  rot  o  i  n 

An  t  i  gen  i  .■  a  I  1  y  I'nre  1  a  t  a !  to  Other  Surface  Connor.,  c,  t  s  mi  P  1  asmod  i  urn 
Knowles  Me rozo i t es . 

We  previously  identified  three  n-'teins  on  the  surface  of  merozoites 
(140,000,  1 03 ,  Oni  •  and  75,000  m.w.).  To  determine  if  140,000  m.w.  protein 
was  related  to  other  surface  proteins,  we  immunized  mice  with  liposomes 
containing  merozoi  te  proteins  from  the  ltd, non  m.w.  region  of  the  poly¬ 
acrylamide  gel.  The  immune  sera  reacted  with  the  surface  of  vi  ihle 
merozoites  mi  met  one  — t i xed  schi/onrs  hv  i mmunof 1  florescence .  The  sera 
i  mmunoproee  i  pi  t  .at  ed  on  1  v  the  lei.nnn  n.w.  protein  t  ran  surface-  labeled 
merozoites.  We  demonstrated  that  monoclonal  antibody  I  Kill  i nmuno-  . 
precipitated  a  210,  00n  m.w.  protein  t  rom  me  r  a  ho  1  i  ca  1  1  v  labeled  sohiz.onts 
and  bound  to  the  merozoi te  surface.  This  monoclonal  antibody  imnti no- 
precipitated  the  73. non  and  I  owe  ■  m.w.  proteins  from  su  rf  ace-  1  .a  he  1  ed 
merozoites  but  did  not  bring  down  the  140, non  m.w.  protein.  Because1  the 
mouse  immune  sera  did  not  i  mr.unoprec  i  p  i  t  at  e  tin1  23d, non  m.w.  protein  t  rom 
me  t  abo  1  i  ca  1  1  v  labeled  seta-'. .outs  or  proteins  ('tiler  than  the  14(1,0(10  m.w. 
protein  from  surf  ace- 1 r  be  led  merozoi tes ,  we  conclude  that  the  140,000  m.w. 
protein  is  unreal  ted  to  other  ’"erozoite  surface  antigens  identified  to 
da  t  e  . 
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DESCRIPTION: 

The  major  goal  was  to  develop  liposomes  as  drug  carriers  in  treatment 
of  parasitic  diseases.  The  influence  of  liposomes  on  the  immune  system 
was  also  examined  because  of  our  discovery  that  antibodies  against 
liposomes  could  be  generated  under  certain  conditions.  The  possible 
feasibility  of  using  liposomes  as  vehicles  for  vaccines  was  examined. 

1 .  Binding  of  Choleragen  and  Antl-Ganglioside  Antibodies  to 
Gangllosides  Incorporated  Into  Preformed  Liposomes. 

Exogenously  added  gangllosides  were  taken  up  and  incorporated  into 
liposomes  just  as  they  are  incorporated  into  cells.  Ganglioside  G^j  was 
rapidly  taken  up  by  liposomes  containing  dimyristoyl-  or  dipalmitoyl- 
phosphat idy lcholine .  cholesterol  and  dicetyl  phosphate.  When  incubated 
with  a  wide  range  of  G,^  concentrations  for  18  hr,  the  liposomes 
incorporated  about  10%  of  the  added  ganglioside.  The  rate  of  Gmj  uptake 
by  preformed  liposomes  was  both  time-  and  temperature-dependent.  The 
liposomes  also  incorporated  other  gangllosides  to  a  similar  extent.  The 
Gj^j  taken  up  by  preformed  liposomes  was  predominantly  located  on  the  outer 
surface  of  the  liposomes  and  did  not  appear  to  be  internalized  into  the 
inner  half  of  the  lipid  bilayer.  Liposomes  containing  added  after 
liposome  formation  bound  as  many  anti-G^j  antibodies  and  as  much  chol- 
ragen  as  liposomes  hav  in*  CM1  added  during  the  formation  of  the  lipid 
bi layers.  Thus,  preformed  liposomes  sensitized  by  incubation  with  G^j  are 
a  good  model  system  for  studying  the  interactions  of  antibodies  and  toxins 
with  membrane-associated  gangl iosides . 

2 .  Liposomal  Chemotherapy  in  Vis. -oral  Leishmaniasis:  An 

U 1 1 r as t rue tura  1  Study  of  An  Intracellular  Pathway. 

The  intracellular  fate  of  liposomes  administered  in t racardia 1 ly  was 
examined  in  the  liver  and  spleen  of  hamsters  experimentally  Infected  with 
Leishmanla  donovanl.  Separate  groups  of  animals  were  treated  with 
liposomes  containing  either  an  ant i le i s hmani a  1  agent,  a  colloidal  gold 
marker  or  saline.  U 1 1 ras t rue tura  1  examinations  of  lysosomal  Interactions 
with  the  paras i tophorous  vacuole  and  with  phagoevtized  liposomes  were 
made.  Lysosomes  readily  fused  with  the  p3ras i tophorous  vacuoles  but 
appeared  to  have  little  effect  on  the  parasite,  possibly  due  to  the 
production  of  enzyme  inhibitors.  Liposomes  rapidly  became  localized  in 
lysosomes  subsequent  to  endocytosis  bv  macrophages.  Morphologic  evidence 
suggested  that  secondary  lysosomes  containing  liposomal  residues  then 
fused  with  the  paras i tophorous  vacuole.  Aspects  of  one  possible  pathway 
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heterogeneous  in  their  ability  to  gel  lysate.  Of  eight  fractions  tested, 
one  (fraction  1)  had  no  detectable  activity  above  the  background,  and  the 
seven  others  had  activity  that  ranged  from  10-fold  to  10,000-fold  above 
the  background.  The  heterogeneity  of  lipid  A  fractions  detected  in  assays 
with  amoebocyte  lysate  was  consistent  with  the  finding  of  heterogeneity  in 
other  functional  assays  of  lipid  A  fractions. 

8 .  Effects  of  Negatively  Charged  Lipids  on  Phagocytosis  of  Liposomes 
Opsonized  by  Complement. 

Ingestion  of  liposomes  opsonized  by  specific  antibody  plus  complement 
was  investigated  in  vitro.  Although  the  anrihodies  alone  (IgM)  did  not 
have  an  opsonizing  effect,  in  the  presence  of  such  antibodies  uptake  and 
ingestion  of  liposomes  by  mouse  peritoneal  macrophages  was  enhanced  5-  to 
10-fold  by  addition  of  complement.  Phagocytosis  of  complement-opsonized 
liposomes  was  strongly  dependent  on  the  charge  of  the  liposomal  lipids. 

The  presence  of  a  negatively  charged  (i.e.,  acidic)  lipid  profoundly 
suppressed  the  uptake  of  the  liposomes.  Each  of  three  acidic  liposomal 
lipids,  phosphatidy  Iserine ,  phosphatidyl inosi tol  and  d i ce t y 1 phospha t e , 
suppressed  liposome  uptake.  We  conclude  that  opsonization  of  liposomes 
with  complement  greatly  stimuilates  ingestion  of  liposomes  by  murine 
macrophages.  However,  most  of  the  opsonic  enhancement  conferred  by 
complement  can  be  prevented  by  the  presence  of  negatively  charged  membrane 
lipids. 

9 .  Antibodies  Reactive  with  Liposomal  Phospholipids  are  Produced 
During  Experimental  Trypanosoma  Rhodesiense  Infections  in 
Rabbi ts . 

Antibodies  against  phosophol Ipids  appeared  spontaneously  during  the 
course  of  experimental  Trypanosoma  rhodeniense  infections  in  rabbits. 

These  antibodies  were  observed  in  rabbits  infected  either  with  a  lethal 
strain  or  with  a  strain  newly  discovered  to  give  a  spontaneous  self¬ 
cure.  Serum  antibodies  reacting  with  liposomes  containing  dimyristoyl 
phosphatidylcholine  (DMPC),  phospha t idy  1  inos i tol  (PI),  phospha¬ 
tidy  linos  i  tol  phosphate  (PIP),  or  cardiolipin  were  detected  at  3  to  4  wk 
by  complement-mediated  release  of  trapped  marker  from  liposome-. 

Antibodies  were  also  detected  against  a  t rvpanosoma 1  lipid  fraction  (TrF2) 
that  contained  PI  as  a  major  constituent.  The  antibody  activities  against 
DMPC,  PI,  or  TrF2  all  reacted  (or  cross-reacted)  with  DMPC,  and  were 
removed  from  the  serum  by  adosorbing  with  liposomes  containing  DMPC  as  the 
only  phospholipid.  Phosphochol ine  inhibited  the  antibodies  reactive  with 
liposomes  containing  either  DMPC  or  DMPC  and  pi  as  phospholipids. 
Antibodies  against  PIP,  however,  reacted  only  with  liposomes  containing 
PIP  and  were  not  removed  by  adsorbing  with  liposomes  lacking  PTP.  We 
conclude  that  antiphospholipid  antibodies  appear  during  the  course  of 
trypanosomal  infections  that  either  undergo  apparent  self-cure  or  are 
lethal,  and  at  least  two  anti-phospholipid  antibody  specificities  can  he 
detected . 

10 .  Localization  of  Urinary  Lactosy Icerami de  in  Cytoplasmic  Vesicles 
of  Renal  Tubular  Cells  in  Homozygous  Familial  Hyperrhoiester- 
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An  average  15-fold  Increase  In  lactosy lceramide  (LacCer)  in  the 
sediment  of  receptor-negative,  familial  hypercholesterolemic  (FH) 
homoxygotes  has  been  reported  [Chat terjee ,  S.,  Sekerke,  C.  S.  and 
Kwiterovich,  P.O.,  Jr.  (1982)  J.  Lipid  Res.  23,  513-522],  We  report  here 
the  abnormal  urinary  exretion  of  significant  numbers  of  renal  tubular 
cells  in  eight  FH  homozygoes.  The  mean  activity  of  -glutamyltransferase, 
a  marker  for  renal  tubular  cells,  was  twice  as  high  in  urinary  sediment  of 
FH  homozygoes  as  in  normals.  Membrane-enclosed  cytoplasmic  vesicles  that 
stained  strongly  positive  with  a  fluorescein-labeled  antibody  against 
LacCer  were  found  in  the  renal  tubular  cells  of  all  homozygoes  except  two 
who  had  undergone  a  protacaval  shunt.  These  two  had  normal  urinary  levels 
of  LacCer,  and  the  cytoplasmic  vesicles  were  vacuolated.  In  the  other 
six,  most  of  the  fluorescent  antibody  label  was  intracellular  and 
perinuclear.  The  cytoplasmic  vesicles  stained  strongly  with  polychromatic 
Papanicolaou  stain,  periodic  acid/Schiff  reagent,  and  oil  red  0.  Electron 
microscopy  revealed  perinuclear  membrane-enclosed  lipid  and  free  lipid 
droplets.  When  two  FH  homoxygotes,  who  excreted  increased  LacCer, 
underwent  plasma  exchange,  the  cytoplasmic  vesicles  became  empty,  and  the 
urinary  LacCer  level  decreased  into  the  normal  range.  We  conclude  that 
the  increased  urinary  excretion  of  LacCer  in  FH  homozygotes  occures  in 
renal  tubular  cells  and  that  the  intracellular  location  of  LacCer  is 
within  cytoplasmic  vesicles.  The  presence  of  LacCer  within  these  vesicles 
can  be  modulated  by  treatment  with  plasma  exchange. 
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into  preformed  liposomes.  Biochim.  Biophys.  Acta  733  249-255  (1983). 

12.  Roerdink,  F.,  Wassef,  N.  M.,  Richardson,  E.  C.  and  Alving,  C.  R. 
Phagocytosis  of  liposomes  opsonized  by  complement:  Effects  of  negatively 
charged  lipids.  Biochim.  Biophys.  Acta  734  33-39  (1983). 

13.  Miller,  L.  H.,  David,  P.  H.,  Hudson,  D.  E.,  Hadley,  T.  J.,  Richards, 
R.  L.  and  Aikawa,  M.  Monoclonal  Antibodies  to  a  140,000  mw  protein  on 
Plasmodium  Knowlesi  merozoites  inhibit  their  invasion  of  rhesus 
erythrocytes.  J.  Immunol,  (in  press  1983). 

ABSTRACTS 

1.  Wassef,  N.  M.,  Roerdink,  F.,  Richardson,  Earl  C.  and  Alving,  C.  R. 

Phagocytosis  of  complement-opsonized  liposomes  by  murine  macrophages: 
effects  of  negatively  charged  lipids.  Fed.  Proc.  42(7)  1826  (1983)  (Abs. 
No.  402).  . . 

2.  Jett,  M.  and  Alving,  C.  R.  Tumoricidal  effect  of  plant  phosphat i dy 1- 
inositol.  Fed.  Proc.  42(7)  1  *9 1 9  (1983)  (Abs.  No.  947  ). 


MEETINGS  AND  SYMPOSIA 

COL  Alving  and  Dr.  Ma t t s by~Ba 1 t zer  were  co-chairperson  and  co-organizers 
of  a  Symposium  on  "Molecular  Concepts  of  Lipid  A",  held  at  the  Walter  Reed 

Army  Institute  of  Research,  Washington,  DC  4-6  April  1983. 

COL  Alving  was  a  faculty  member,  NATO  Advanced  Study  Institute  on 

"Receptor-Mediated  Targeting  of  Drugs"  held  at  Cape  Sounion  Beach,  Greece, 

20  June  -  1  July  1983. 
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23.  (U)  To  define  the  physiologic  effects  of  blast  overpressure  and  to  determine  the 
limits  of  human  safety  for  exposure  to  impulse  noise.  To  develop  a  mathematical  model 
of  the  thoraco-abdominal  response  to  blast  waves.  There  is  military  relevance. 

24.  (U)  Approach  uses  biochemical  assays  and  physiologic  tests  bfore  and  after  blast 
and  impact  injury.  Blood  is  analyzed  for  enzymes,  elastin  related  products  and  protein 
changes  detected  by  2  dimensional  gel  electrophoresis.  Pulmonary  tissue  is  examined 
histologically.  A  finite  element  model  of  the  sheep  and  human  torso  will  be 
developed.  Engineering  materiel  properties  of  lung  parenchyma  are  to  be  determined. 

25.(U)32  10  -  33  09  The  search  for  a  biochemical  marker  of  blast  injury  now  focuses  on  1 
Angiotensin  I  Converting  Enyzme  (ACE),  related  moieties  and  two-dimensional  gel 
electrophoresis  as  a  screening  tool  for  examination  of  blood.  The  pharmacokinetics  of 
intravenous  desmosine  have  been  studied  in  sheep.  A  detailed  2  dimensional  finite 
element  model  (FEM)  of  a  crossection  of  the  sheep  at  the  seventh  vertebra  was 
developed.  This  FEM  predicts  wave  propogation  in  lung  parenchyma  as  the  cause  of 
changes  in  intrathoracic  pressure.  Measurements  of  elastic  and  bulk  moduli  and  the 
speed  of  sound  have  been  made  in  rabbit,  cat,  and  goat  lungs  at  various  trans  pulmonary 
pressures.  For  technical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual 
Report,  1  Oct  82  -  30  Sep  83- 
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PROJECT  3M161102BS10  RESEARCH  ON  MILITARY  DISEASE,  INJURY  AND 

HEALTH  HAZARDS 

Work  Unit  212:  Physiology  of  Systemic  Effects  of  Blast  Overpressure 

Principal  Investigator:  Yancy  Y  Phillips,  M.D.,  MAJ,  MC 

Associate  Investigators:  James  J.  Jaeger,  Ph.D.,  MAJ,  MSC 

Robert  F.  Hoyt,  Jr.,  D.V.M. ,  M.S.,  MAJ,  VC 
Andrew  J.  Young,  Ph.D.,  CPT,  MSC 
Kenneth  T.  Dodd,  Ph.D.,  GS-12 
Thomas  G.  Mundie,  Ph.D.,  CPT,  MSC 
Pritam  S.  Verma,  Ph.D.,  CPT,  MSC 

Problem  Statement  and  Objectives 

Certain  Army  weapon  systems,  some  currently  in  use,  others  still  in 
development,  produce  levels  of  blast  overpressure  which  exceed  the  limits 
defined  in  MIL  STD  1474B.  The  research  objective  of  the  Department;  of 
Respiratory  Research  is  to  define  the  risk  of  non-auditory  injury  to  crew 
members  from  the  blast  overpressure  produced  by  these  weapon  systems.  To 
obtain  a  general  understanding  of  the  interaction  of  blast  waves  with 
crewmembers,  mathematical  models  are  being  developed  using  the  inherent 
biomechanical  properties  of  the  human  structure.  Validation  of  the  model's 
predictions  will  be  made  at  frequent  intervals  to  avoid  costly  development 
along  non-productive  paths.  Biochemical  indicators  of  non-auditory  blast 
injury  are  also  being  sought  in  order  to  increase  the  probability  of  detecting 
subclinical  injury  and  to  reduce  the  complexity  and  Invasiveness  of  current 
techniques  for  assessing  Injury. 


Progress  And  Accomplishments  In  FY83 

a.  Contract  milestones  in  the  second  year  of  a  three  year  mathematical 
modeling  contract  for  the  characterization  of  the  thoraco-abdominal  response 
to  blast  waves  with  the  JAYCOR  Corporation,  San  Diego,  CA  include: 

1.  The  anatomical  elements  and  appropriate  material  properties  were 
Identified  for  the  two  and  three-dimensional  finite  element  model  (FEM)  of 
sheep-blast  wave  interaction.  The  two-dimensional  FEM  of  the  thorax  predicts 
wave  phenomena  In  lung  parenchyma  and  correlates  well  with  observed  data  for 
Intrathoracic  pressures  (ITP)  measured  in  the  esophagus  of  sheep  when  exposed 
to  blast. 


2.  The  near  field  mathematical  model  of  blast  wave  loading  of  a 
human  torso  was  completed  by  JAYCOR  and  validated  by  actual  blast  exposure  of 
a  torso  model  at  the  Lovelace  test  facility  in  Albuquerque,  NM. 

3.  Trial  runs  of  a  large  element  three-dimensional  FEM  demonstrated 
reasonable  agreement  with  the  Lovelace  spring/dashpot  lumped  parameter 
model.  Both,  however,  were  found  to  differ  from  actual  ITP  pressure  traces. 
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4.  The  mechanical  properties  of  lung  parenchyma  during  impulsive 
loading  are  being  determined  by  the  Bioengineering  Department  of  the 
jniversity  of  California  at  San  Diego,  acting  as  a  sub-contractor  to  JAYCOR. 

To  date,  incremental  elasticity,  bulk  modulus  and  wave  speed  measurements  have 
been  made  as  a  function  of  lung  inflation. 

b.  The  pharmacokinetics  of  desmosine,  a  degradation  product  of  elastin, 
were  determined  in  sheep  as  a  first  step  in  evaluating  the  utility  of 
desmosine  as  a  biochemical  marker  of  blast  injury  to  the  lung. 

c.  A  one-year  contract  was  awarded  to  Electronucleonics  for  the  study  of 
serum  from  blast-injured  animals  by  two  dimensional  gel  electrophoresis 

Recommendations  and  ObjecLives  for  FY84 

The  major  research  efforts  under  this  work  unit  for  FY84  will  be: 

a.  Continued  efforts  to  assess  biochemical  markers  of  injury.  The 
advantage  of  such  noninvasive  measures  is  clear  in  both  animal  and  human 
work.  Results  from  a  recent  uncontrolled  field  study  of  sheep  exposed  to  lung 
injury  threshold  levels  of  blast  overpressure  show  angiotension  converting 
enzyme  (ACE)  levels  are  substantially  elevated  following  impulse  loading.  A 
new  study  planned  for  the  first  quarter  FY84  will  attempt  to  further  define 
this  potential  marker.  The  study  will  require  single  shots  to  groups  of  six 
animals.  Groups  will  have  graded  levels  of  injury-approximately  LD2Q,  LDj 
threshold,  and  sub-threshold.  In  addition,  there  will  be  handling  and 
exercise  controls.  Blood  will  be  drawn  by  percutaneous  intravenous  stick 
prior  to  and  for  up  to  2  hours  after  blast  exposure.  The  collected  specimens 
will  be  analyzed  for  angiotension  converting  enzyme  for  desmosine  for  two- 
dimensional  gel  electrophorectic  analysis  and  for  routine  chemistries. 

b.  Continued  development  and  validation  of  a  mathematical  model  of  blast- 
thorax  interaction  in  animals.  Included  In  this  area  will  be  both  the 
validation  of  wave  phenomena  in  lung  parencyhma  by  endobronchially  placed 
catheters  and  the  validation  of  the  two-dimensional  FEM  structure  by 
measurement  of  thoracic  deformation  with  static  loading.  Intrathoracic 
pressure  traces  from  actual  blast  exposure  will  be  compared  to  model  output 
exercised  by  similar  blast  waves. 

c.  Contract  work  will  continue  on  material  properties  of  the  lung. 

Effects  of  temperature,  specimen  age,  elapsed  time  from  death,  transpulmonary 
pressure  difference,  and  normalized  lur.g  volume  will  be  studied  for  bulk  and 
elastic  moduli.  Study  will  begin  on  damage  mechanism  of  lung  tissue. 
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1.  Hoyt,  R.  F. ,  Jr.  and  Tholen,  M.  A.:  Oral  Pathology  In  Concepts  In 
Veterinary  Dentistry,  Veterinary  Medicine  Publishing  Company,  Edwardsville , 

KY,  1983. 

2.  Jaeger,  J. ,  Phillips,  Y. ,  Young  A.,  and  Hoyt,  R.  F. ,  Jr.:  Low  Level  blast 
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3.  Hoyt,  R.  F.,  Jr.  and  Withrow,  S.  J.:  Oral  malignancy  in  the  dog.  Journal 
of  American  Animal  Hospital  Association.  In  Press 

4.  Verma,  P.S.,  Hoyt,  R.  F.,  Jr.,  Jackson,  A.  J.  and  Phillips,  Y.  Y: 
Pharmacokinetics  of  intravenously  administered  desmosine  in  sheep.  In  press. 

5.  Phillips,  Y.  Y,  Copley,  J.  B.,  and  Stor,  R.  A.:  Thrombocytopenia  and  low- 
dose  heparin.  South.  Med.  Jour.  76(4) : 526-528 ,  1983 


Presentations 

Hoyt,  R.  F. ,  Jr.:  Cricothyroidotomy ,  Tracheotomy,  and  Tracheostomy. 

Emergency  War  Surgery  Training  Program,  Symposium  on  Military  Veterinary 
Medicine,  WRAIR,  Washington,  D.  C. ,  March  1983. 

Verma,  P.  S.,  Hoyt,  R.  F.,  Jr.,  Jackson,  A.  J.,  and  Phillips,  Y.  Y: 
Radioimmunoassay  of  desmosine  and  its  pharmacokinetics  in  sheep.  Presented  at 
the  67th  Annual  Meeting  of  the  Federation  of  American  Societies  for 
Experimental  Biology,  Chicf^o,  Ill.,  April,  1983  (abstract). 

Young,  A.  J.,  Evans,  W.  J.,  Sharp,  R.  L.,  Costill,  D.  L.,  and  Maher  J.  T-.  : 
Intramuscular  pH  with  excercise  at  high  altitude.  Presented  at  the  67th 
Annual  Meeting  of  the  Federation  of  American  Societies  for  Experimental 
Biology,  Chicago,  Ill.,  April,  1983. 

Jaeger,  J.,  Young,  A.  J.,  Phillips,  Y.  Y  and  Hoyt,  R.  F. ,  Jr:'  Lung  inflation 
effects  on  blast  lung  injury.  Presented  at  Che  fourth  annual  meeting  of  RSG-6 
(NATO  Panel  VIII,  Effects  of  Impulse  Noise),  WRAIR,  Washington  ,  D.C. ,  May 
1983. 

Jaeger,  J.,  Young,  A.  J.,  Phillips,  Y.  Y  and  Hoyt,  R.  F. ,  Jr.,:  Low  level 
human  blast  exposures.  Presented  at  the  fourth  annual  meeting  of  RSG-6  (NATO 
Panel  VIII,  Effects  of  Impulse  Noise),  WRAIR,  Washington,  D.  C.  May  1983 


Yelverton ,  J.  T. ,  Richmond,  D.  R. ,  Flectcher,  E.  R. ,  Phillips,  Y.  Y,  Jaeger, 
J.,  and  Young,  A.:  Bioeffects  of  simulated  muzzel  blasts.  Presented  at  the 
Eight  International  Symposium  on  Military  Application  of  Blast  Simulation, 
Splez,  Switzerland,  June,  1983. 

Phillips,  Y.  Y:  Dry  gas  eucapnic  hyperventilation:  a  simplified  technique 
for  bronchoprovocation.  Presented  at  the  thirty-fifth  annual  Carl  W.  Tempel 
Symposium  on  Pulmonary  Disease  and  Allergy-Immunology,  Fitzsimons  Army  Milica 
Center,  Aurora,  Colo.,  January  1983. 
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23.  (U)  Investigations  will  seek  to  describe  the  means  by  which  the  nervous  system  effects 
bodily  responses  to  stress  and  injury,  and  to  discern  those  combinations  of  physiologic  parameters 
which  collectively  define  the  optimal  conditions  for  effective  military  performance. 

24.  (U)  Animal  models  of  performance  will  be  created  using  the  techniques  of  operant  and 
respondent  conditioning  and  the  role  of  internal  factors  in  performance  variability  assessed  by 
neurophysiologic  recording  of  intracellular  and  extracellular  bioelectric  potentials;  the  descriptive 
and  experimental  neuroanatom ical  techniques  of  light  and  electron  microscopy  and  histochemistry; 
stimulation  or  lesioning  of  discrete  brain  areas;  ana  experimental  modifications  of  hormonal  status 
by  ablation  and/or  administration  of  exogenous  hormones  or  other  drugs. 

25.  (U)  82  10  -  83  09  Major  findings;  For  use  as  baselines  in  studying  the  impact  of 
stressors  upon  military  performance,  two  methods  for  the  study  of  time  perception  in  rats  and  a 
technique  for  the  investigation  of  short-term  memory  in  mice  have  been  developed.  Studies  on 
behavioral  and  physiological  variables  affecting  short-term  memory  in  monkeys  are  continuing.  In 
studies  on  the  neural  mechanisms  controlling  limb  movement  in  primates,  three  different 
procedures  have  been  developed  for  studying  motor  tracking  of  a  visual  stimulus  in  monkeys. 
Three  normal  animals  and  one  animal  wit.,  a  deafferented  forelimb  are  being  trained  on  these 
procedures.  Studies  on  the  neural  control  of  respiration  concluded  that  at  least  two  mechanisms 
exist  for  the  control  of  termination  of  both  inspiration  and  expiration,  and  that  baroreceptor  input 
had  no  consistent  effect  upon  phrenic  nerve  control  of  inspiration  and  expiiation.  For  technical 
report  see  Walter  Reed  Army  Institute  of  Research  Annual  Report,  1  Oct  82  -  30  Sep  83. 
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Project:  3M 161 102BS10  RESEARCH  ON  MILITARY  DISEASE,  INJURY 

AND  HEALTH  HAZARDS 

Work  Unit  213:  Biological  Modulation  of  Military  Performance 
Investigators: 

Principal:  Elsmore,  T.F.  Ph.D. 

Associate:  Hursh,  MAJ,  S.R.;  Campbell,  LTC,  C.B.G.; 

Raslear,  CPT,  T.G.;  Leu,  CPT,  J.R.; 

Petras,  3.M.,  Ph.D.;  Wylie,  R.M.,  Ph.D. 

Objectives: 

The  objectives  of  this  project  include  the  definition  of  the  means  by  which 
the  nervous  system  mediates  bodily  responses  to  stress  and  injury,  and  to 
discern  those  combinations  of  physiologic  parameters  which  collectively 
define  the  optimal  conditions  for  effective  military  performance.  A  major 
thrust  of  research  in  this  work  unit  is  the  development  of  animal  behavior 
models  that  more  closely  approximate  realistic  conditions  outside  of  the 
laboratory.  Techniques  and  methods  are  drawn  from  a  broad  spectrum  of 
neuroscience  disciplines  including  psychology,  neurophysiology, 
neuroanatomy,  neuropharmacology,  and  chronobiology. 

Progress: 

One  major  thrust  of  this  work  unit  is  the  development  of  animal  models  of 
human  performance  that  are  clearly  relevant  to  military  situations. 
Behavioral  research  with  animals  has  traditionally  emphasized  short 
experimental  sessions  under  highly  controlled  conditions,  and  ignored  the 
larger  context  in  which  the  animals  exist.  We  have  recently  been  applying 
economic  concepts  in  an  attempt  to  broaden  the  framework  of  our 
laboratory  behavior  research,  and  therefore  to  increase  the  validity  of  our 
animal  models.  In  nearly  all  situations,  as  the  price  of  a  commodity  is 
increased,  consumption  of  it  decreases.  The  slope  of  this  decrease  is  called 
"elasticity  of  demand,”  and  indicates  how  sensitive  consumption  is  to  price 
changes.  The  level  of  the  demand  curve  is  simply  the  amount  of  demand 
for  the  commodity.  Economists  have  proposed  a  number  of  environmental 
variables  that  alter  these  two  parameters  but  little  controlled  experimental 
work  exists  to  verify  ihese  proposals.  One  of  the  most  obvious  variables  to 
alter  the  demand  curve  is  the  availability  of  substitutes.  Work  this  year 
has  focused  on  providing  various  alternative  substances  to  rats  that  are 
working  for  food  and  determining  if  the  type  of  substitute  alters  demand 
elasticity,  amount  of  demand,  or  both.  Initial  efforts  used  the  non¬ 
nutritive  sweetener  aspartame,  which  was  found  to  he  unstable  in  our 
experimental  situation.  These  experiments  are  now  being  repeated  with 
saccharin.  Generality  of  findings  between  species  is  critical  in  evaluating 
the  validity  of  animal  models  of  behavior.  Two  studies  demonstrated  that 
increasing  the  economic  variable  of  meal  cos:  produced  results  in 
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wild-caught  rats  and  domestic  chicks  that  were  quite  similar  to  those  that 
had  previously  been  reported  in  standard  laboratory  rats.  That  is, 
increasing  meal  cost  led  to  increased  meat  size  and  decreased  meal 
frequency. 

Perception  is  a  process  fundamental  to  most  complex  human  tasks.  Time 
perception  in  particular,  is  critical  for  tasks  requiring  sensory/motor 
coordination.  Two  methods  have  been  developed  for  studying  time 
perception  in  rats,  one  in  which  the  animals  are  trained  to  respond  to  the 
absolute  duration  of  visual  or  auditory  stimuli,  and  one  which  derives  a 
subjective  midpoint  between  two  extreme  stimuli.  Both  techniques  are 
currently  in  use  in  the  evaluation  of  long-term  effects  of  exposure  to 
organophosphorous  compounds  (See  WU  164,  DAOG  8600, FY83  WRAiR  Annual 

Short-term  memory  is  being  studied  in  both  mice  and  non-human 
primates.  In  mice,  a  radial-arm  maze  procedure  has  successfully  been  used 
to  obtain  measures  of  both  long-term  and  short-term  memory.  Studies  on 
short-term  memory  processes  in  monkeys  are  continuing. 

Another  major  thrust  of  this  work  unit  is  the  study  of  the  physiological 
bases  of  behavior,  particularly  the  neural  mechanisms  underlying 
behavior.  The  neural  basis  of  memory  has  been  the  topic  of  a  series  of 
collaborative  studies  with  N1H.  The  tentative  conclusion  from  this  work  is 
that  the  hippocampus  is  primarily  responsible  for  spatial  associations.  An 
ongoing  project  is  investigating  memory  for  auditory  stimuli,  and  cross¬ 
modality  memory  for  sounds  and  spatial  locations. 

A  continuing  series  of  studies  is  investigating  the  neural  control  of 
movement.  Previous  work  in  our  Department  has  demonstrated  that 
monkeys  that  have  been  deprived  of  sensory  input  from  a  limb  are  capable 
of  performance  on  a  weight-lifting  task  quite  comparable  to  that  of  normal 
animals.  In  an  effort  to  place  greater  demands  upon  the  animal’s  motor 
control  system,  three  different  visual  tracking  tasks,  one  requiring  the 
animal  to  point  his  forearm  at  a  stationary  spot  of  light,  one  that  moves 
the  ;put  of  light  from  place  to  place  in  a  step-wise  fashion,  and  one  which 
moves  it  in  an  smooth  analog  fashion  have  been  developed.  To  date  three 
normal  animals  have  been  trained  on  all  three  of  these  these  tasks,  and  one 
deafferented  monkey  has  been  been  trained  to  point  at  a  stationary  spot. 
No  conclusions  are  available  from  this  study  as  yet. 

Two  studies  investigated  the  neural  control  of  respiration  in  cats  using 
neurophysiological  techniques.  In  one  the  effects  of  stimulating  muscle 
afferents  on  respiration  were  studied.  It  was  concluded  that  at  least  two 
distinct  central  mechanisms  must  exist  for  the  control  of  termination  of 
both  inspiration  and  expiration.  A  second  study  evaluated  the  effects  of 
constant  baroreceptor  input  on  neural  inspiratory  drive  at  different  levels 
of  central  chemoreceptor  drive.  It  wa3  concluded  from  these  studies  that 
baroreceptor  input  had  no  consistent  effect  on  phrenic  nerve  activity  or 
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upon  relationships  between  phrenic  activity  and  either  inspiratory  or 
expiratory  time. 

Future  objectives: 

Applicability  and  utility  of  economic  concepts  in  the  analysis  of  behavior 
will  continue  to  be  investigated,  including  a  simulation  of  the  "Laffer 
curve."  Short-term  memory  models  of  animal  behavior  will  continue  to  be 
evaluated.  Studies  on  the  neural  bases  of  movement,  respiration,  and 
memory  will  continue. 
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23.  (U)  The  objectives  of  the  millimeter  wave  bioeffects  program  are  to  (1)  establish 

a  technology  base  in  millimeter  wave  instrumentation  as  needed  for  biophysical  researa 
in  this  region  of  the  electromagnetic  spectrum,  (2)  to  develop  millimeter  wave  exposur 
systems  for  use  with  biological  specimens  under  conditions  of  both  continuous  wave  and 
high  peak  Tower  operations,  and  (3)  to  explore  biological  hazards  with  special  interns 
in  the  eye.  The  military  relevance  in  this  research  derives  from  millimeter  wave  rada 
21.  (U)  Ths  millimeter  wave  instrumentation  system  will  consist  of  a  millimeter  wave 

phase  locked  synthesizer  for  the  range  40-60  GHz.  This  will  serve  as  the  source  for  a 

six-port  network  analyzer  that  will  provide  network  analysis  based  description  of  bio¬ 
logical  dielectrics  in  vitro.  The  continuous  wave  exposure  system  will  consist  of  a  3 
GHz,  1  kilowatt  klystron  amplifier,  a  10  watt  traveling  wave  tube  driver  and  a  100 
milliwatt  Gunn  diode  oscillator.  The  pulse  transmitter  will  consist  of  i  35  GHz  crave 
im  wave  tube  amplifier  of  30  kilowatts  peak  power  and  3  kilowatts  average  power.  The 
antenna  will  consist  of  a  '-7R  28  feed  to  an  elliptical  reflector.  The  biological  hazar 

studies  will  enphasize  two  features:  (1)  the  direct  heating  action  of  millimeter  waves 

on  the  cornea  of  the  eye  and  (2)  the  production  of  thormoacoustic  expansion  in  cornea, 
lens  and  retina. 

2r>.  ( II)  32  10  -  83  09  Development  of  the  35  GHz  pulsed  and  C:l  transmitters  continued. 

At  the  present  tine,  both  are  ca .  90  -  954  complete.  Site  preparation  is  fully  com¬ 
pleted.  Preliminary  millimeter  wave  (37  Gi!z)  measurements  of  emissivity  in  vitro 
indicate  a  value  near  0.90.  Spectral  scanning  equipment  development  has  progressed 
into  the  system  intenration  phase.  The  40  -  60  GHz  six-port  network  analyzer  and 
dimtal  svnthesicer  subsystems  are  completed.  For  technical  report  3ee  Walter  Reed  Arm; 
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Project  3  M161 102B510  RESEARCH  ON  MILITARY  DISEASE,  INJURY 
AND  HEALTH  HAZARDS 


Work  Unit  214:  Millimeter  Wave  Biophysics  and  Biohazards 

Investigators. 

Principal:  LTC(P)  Lawrence  E.  Larsen,  MD 

Associate:  John  H.  Jacobi,  M.S.;  Charles  N.  Rafferty,  Ph.D. 

Introduction 

The  millimeter  wave  program  began  as  an  unfunded  requirement  In 
1979/1980.  It  was  funded  in  FY  1981  at  which  time  a  MCA  for  new 
laboratory  space  was  completed  on  time  and  on  budget.  The  program 
consists  of  a  biophysical  segment  which  is  still  in  the  hardware 
development  phase;  and  a  biohazards  segment  which  has  only  recently 
emerged  from  Its  hardware  development  phase.  Also  a  new  biophyslcl 
chemistry  program  has  just  just  completed  the  equipping  of  a  laboratory 
located  in  Forest  Glen. 

Dielectric  Relaxation 

This  program  Is  designed  to  develop  the  first  biosystem  dielectric  data  base 
In  the  40  to  60  GHz  range.  The  hardware  developments  needed  to  support 
this  goal  consist  of  a  40  to  60  GHz  digital  synthesizer  of  previously 
unobtainable  accuracy,  a  40  to  60  GHz  six  port  network  analyzer,  and  a 
system  integration  step  to  include  automatic  process  control  as  well  as 
error  correction.  These  steps  have  recently  been  completed;  and  an 
additional  requirement  has  been  added  to  accommodate  dielectric 
measurements  under  transient  conditions. 

New  physical  theories  have  also  been  developed  in  the  context  of’  this 
program.  This  theoretical  thrust  has  been  directed  to  the  Issue  of 
dielectric  properties  under  transient  conditions.  All  existing  theory  Is 
limited  to  steady— state  conditions.  The  new  transient  theory  depends  upon 
cooperative  effects  at  the  molecular  level.  This  effect  produces  energy 
deposition  In  the  dielectric  that  is  not  accountable  In  normal  Debye  theory. 

Biophysical  Chemlsty 

This  program  Is  designed  to  Investigate  conformational  state  changes  in 
micromolecules  consequent  to  exposure  In  dual  beam  systems  which  use  RF 
power  as  either  an  effector  or  as  a  sensor  In  combination  with  optical 
beams.  The  laboratory  needed  to  accomplish  these  objectives  is  located  in 
space  formerly  occupied  by  neuroche m is ty  at  Forest  Glen.  The  equipment 
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needed  for  this  laboratory  has  been  acquired  over  the  last  year.  Protocols 
have  been  developed  along  with  a  program  plan  which  we  expect  to 
Implement  In  the  next  fiscal  year. 

M  llllmeter  Wave  Biohazards 

This  program  has  developed  the  first  high  power  pulsed  millimeter  wave 
exposure  system  for  biomedical  use  In  the  free  world.  The  program  goal  is 
to  explore  the  limitations  of  safety  standard  based  on  continuous  wave 
exposure  and  whole  body  averaged  dosimetry.  It  consists  of  a  30  kilowatt 
pulsed  transmitter,  a  100  dB  anechoic  chamber  tested  from  18  to  100  GHz, 
a  polarization  twist  reflector  antenna,  a  staring  Infra-red  radiometer,  and 
closed  circuit  TV  for  subject  monitoring.  The  frequency  of  operation  is  33 
GHz. 

The  site  of  greatest  hazard  to  high  power  millimeter  wave  exposure  Is 
thought  to  be  the  cornea.  The  cornea  of  anesthetized  rabbit  subjects  were 
examimed  in  a  pilot  study. 

Although  the  data  is  a  very  preliminary,  it  does  appear  that  pulsed 
millimeter  wave  exposures  produce  anterior  chamber  signs  at  much  lower 
power  densities  than  similar  studies  In  the  same  experimental  animal  with 
continuous  wave  exposures  at  2430  MHz  performed  In  this  department 
about  ten  years  ago.  These  studies  are  presently  In  the  stage  of 
replication.  However,  progress  is  slow  due  to  the  staff  shortages 
mentioned  in  the  microwave  portion  of  the  Annual  Report. 
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3.  (U)  To  examine  neurochemical  mechanisms  in  adaptation  to  stress  and  continuous 

trformance.  To  study  neurochemical  mechanisms  in  development  of  post-traumatic  epilepsy, 
hich  occurs  in  40%  of  soldiers  suffering  head  wounds,  despite  anti-convuisant  drugs.  To  provide 
stabase  for  interpretation  of  military  clinical  and  field  studies,  and  recommendations  for 
evention  and/or  treatment  in  soldiers. 


*.  (U)  Analysis  of  neurochemical  regulation  of  hormonal  response  during  adaptation  to 

ress.  Repeated  electrical  stimulation  of  the  brain  ("kindling")  has  been  selected  as  the  best 
limal  model  of  post-traumatic  epilepsy,  because  of  similarities  in  time-course.  Studies  entail 
*ain  lesion  and  stimulation;  measurement  of  neurotransmitters,  neuropeptides,  cyclic  nucleotides 
id  phosphorylation  in  specific  brain  regions. 


5.  (U)  82  10  -  83  09.  Increasing  intensities  of  footshock  induced  proportionally  greater 

icreases  of  plasma  corticosterone,  prolactin  and  pituitary  cyclic  AMP  levels  in  rats.  Hippocampal 
•sions  enhanced  the  pituitary  cyclic  AMP  response  to  acute  stress  without  affecting  habituation 
)  repeated  stress.  Adrenalectomy  totally  abolished  the  stress  induced  increase  in  pituitary  cyclic 
MP,  without  affecting  the  increase  in  plasma  prolactin.  Footshock  decreased  hippocampal 
orticosteroid  binding  by  50%,  while  adrenalectomy  doubled  binding  capacity.  Thyrotropin 
eleasing  Hormone  levels  in  pyriform  cortex  of  the  rat  were  moderately  increased  after  partial 
tizures  and  were  increased  six  fold  after  fully  kindled  seizures.  For  Technical  Report  see  Walter 
eed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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RESEARCH  ON  MILITARY  DISEASE, 
INJURY  AND  HEALTH  HAZARDS 


Work  Unit  215 
Investigators 

Principal: 

Associate: 


Mechanisms  of  Response  to  Military  Stress 
Meyerhoff,  J.L.,  M.D. 

Kant,  G.J.,  Ph.D.;  Walczak,  D.D.,  Ph.D.,  Cpt.,  MSC; 
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Objectives: 

Studies  are  conducted  to  evaluate  neurochemical  mechanisms  of 
response  to  stress,  brain  injury  and  other  factors  which  produce  psychiatric 
incapacitation  or  brain  syndromes  pertinent  to  military  medicine.  Included 
are  (1),  studies  of  CNS  regulation  of  neuroendocrine  function  in  acute  and 
repeated  exposifl-e  to  stressors,  as  well  as  in  adaptation  to  chronic  stress; 
(2),  effects  of  stress  or  injury  on  CNS  neurotransmitter  turnover, 
neuropeptide  chemistry  and  receptor  function,  as  well  as  studies  of 
neurochemical  system  interactions.  These  fundamental  studies  are 
intended  to  provide  a  database  for  interpretation  of  clinical 
psychoendocrine  studies  of  stress  in  soldiers,  and  for  understanding  the 
mechanisms  by  which  traumatic  factors  cause  decrements  in  CNS  function 
and  performance. 

Studies  are  conducted  to  explore  possible  neurochemical  mechanisms 
in  the  development  of  post-traumatic  epilepsy.  More  than  50%  of  soldiers 
receiving  penetrating  missile  injuries  of  the  brain  will  subsequently  develop 
post-traumatic  epilepsy.  Despite  the  development  of  anticonvulsant  drugs 
and  improvements  in  aseptic  surgical  technique,  the  incidence  of  post- 
traumatic  epilepsy  has  not  decreased  since  World  War  I.  Understanding  the 
biochemical  mechanisms  active  during  the  latent  period  between  the  injury 
and  the  observation  of  clinical  seizures  is  essential  to  developing  rational 
preventive  measures  which  might  be  initiated  immediately  post-injury. 
Based  on  our  neurochemical  findings,  appropriate  novel  pharmacological 
interventions  will  be  explored. 


Progress: 

The  effect  of  hypothalamic  releasing  factors  on  pituitary  function 
may  be  mediated  via  cyclic  AMP  acting  as  a  second  messenger,  translating 
responses  to  individual  releasing  factors  into  changes  in  regulation  of 
pituitary  hormone  synthesis  and  release.  In  a  series  of  experiments,  we 
have  investigated  biochemical  responses  to  graded  levels  of  environmental 
stress.  Increasing  intensities  of  footshock  (0.0  -  3.2  mA)  produced 
increasing  levels  of  several  hormonal  indices  of  stress  in  rats.  The  maximal 
elevations  observed  in  plasma  hormones  were  5-fold  for  beta  endorphin,  14- 
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fold  for  prolactin,  and  5-fold  for  corticosterone.  At  the  highest  intensity 
of  footshock,  plasma  levels  of  beta-lipotrophic  hormone  (the  precursor  of 
beta-endorphin)  were  increased  25-fold,  and  17-fold  increases  were  seen  in 
pituitary  levels  of  cyclic  AMP.  Generally,  there  was  little  or  no  pituitary 
cyclic  AMP  or  normonal  response  observed  at  the  lowest  current 
intensities,  a  proportional  response  over  the  medium  intensities  and  a 
maximal  plateau  response  at  the  highest  intensities.  Corticosterone, 
however,  appeared  to  be  a  more  sensitive  responder  to  mild  current 
intensities  than  th2  other  indices  measured  but  was  less  sensitive  to 
differences  between  higher  levels  of  current.  There  was  a  positive 
correlation  among  all  biochemical  indices  with  an  observer  rated  behavioral 
index  of  stress  response. 

In  a  study  comparing  a  variety  ot  environmental  stressors  in  rats, 
forced  running,  immobilization  and  footshock  all  increased  levels  of 
pituitary  cyclic  AMP  as  compared  to  controls.  Pretreatment  with  atropine, 
an  antidote  for  nerve  agent  poisoning,  resulted  in  greater  pituitary  cyclic 
AMP  responses  to  immobilization  or  footshock,  as  compared  to  saiine- 
pretreated  controls.  The  prolactin  response  to  footshock  was  also 
•Tcreased  in  atropine-pretreated  rats.  In  a  folicw-up  experiment,  atropine 
»ds  also  shown  to  increase  responsiveness  to  pain  in  rats.  These  data 
suggest  that  atropine  potentiates  neurochemical  and  neuroendocrine 
responses  to  stressors  at  least  partly  due  to  lowering  of  pain  threshold  by 
atrueine. 

Hippocampal  lesions  appeared  to  potentiate  the  stress  response  much 
like  atropine.  Rats  with  hippocampal  lesions  had  greater  pituitary  cyclic 
AMP,  plasma  corticosterone  and  plasma  prolactin  responses  to  stress  than 
sham-operated  controls.  Rats  subjected  to  repeated  stress  showed  a 
diminished  cyclic  AMP  response  compared  to  the  response  to  acute  stress, 
thus  demonstrating  habituation.  No  differences  :n  habituation  were 
observed  between  hippocampal  and  sham-operated  groups.  These  data 
complement  reports  of  behavioral  hyperreactivity  to  acute  stress  in 
hippocampal-lesioned  animals,  but  suggest  that  they  are  able  to  habituate 
to  repeated  stressful  stimuli. 

Hormones  released  by  acute  stress  are  believed  to  alter  the  hormonal 
responses  to  subsequent  stressors.  An  inhibitory  feedback  effect  of  the 
adrenal  glucocorticoid,  corticosterone,  may  be  mediated  through  its  binding 
to  glucocorticoid  receptors  abundant  on  the  hippocampus.  We  have  begun  a 
series  of  experiments  designed  to  characterize  the  effects  of  stress- 
induced  release  of  corticosterone  on  hippocampal  glucocorticoid 
receptors.  Adrenalectomy  doubled  the  corticosteroid  binding  capacity  of 
the  hippocampal  cytosol  as  compared  to  normal  animals.  Footshock 
markedly  decreased  the  binding  capacity  of  normal  rats  (by  50%),  but  did 
not  affect  glucocorticoid  binding  in  adrenaiectomized  rats.  The  shock- 
induced  decrease  in  hippocampal  glucocorticoid  binding  capacity  appeared 
to  be  dependent  upon  shock  intensity  and  session  length. 
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Because  of  the  numerous  studies  demonstrating  effects  of  adrenal 
factors  on  the  hypothalamo-pituita/y  axis,  we  examined  the  effect  of 
bilateral  adrenalectomy  on  the  stress- induced  increase  in  pituitary  cyclic 
AMP.  We  found  that  adrenalectomy  totally  abolished  the  cyclic  AMP 
response  to  stress,  without  affecting  the  stress-induced  increase  in  plasma 
prolactin.  Our  data  suggest  that  either  adrenal  cortical  or  adrenal 
medullary  horn. one*,  are  essential  to  the  pituitary  cyclic  AMP  response. 
Moreover,  it  appears  that  the  cyclic  AMP  response  can  be  dissociated  from 
the  release  of  pituitary  prolactin,  ACTH  and  bet  a- endorphin. 

In  our  project  directed  at  post-traumatic  epilepsy,  we  have  succeeded 
in  employing  the  "kindling"  technique  for  producing  epileptiform  seizures. 
Kindling  consists  of  repeatea,  intermittent  low  intensity  electrical 
stimulation  of  the  amygdala.  This  results  in  progressive  changes  in  both 
electrographic  and  behavioral  responses  over  several  weeks,  and  culminates 
in  a  generalized  seizure  in  response  to  an  electrical  snmulus  which  initially 
had  produced  no  behavioral  effect.  Kindling  seems  a  particularly  good 
model  of  post-traumatic  epilepsy  because  it  permit  biochemical  study  of 
seizure-prone  brain  tissue  without  requiring  the  use  of  seizure-inducing 
drugs.  Moreover,  the  latent  period  seer,  in  the  kindling  phenomenon  is 
similar  to  the  delay  of  seizure  onset  seen  in  post-traumatic  epilepsy. 
Thyrotropin  Re'tasing  Hormone  (TRH)  is  released  from  the  hypothalamus 
to  regulate  the  release  of  thyroid  stimulating  hormone  from  the  pituitary. 
TRH  is  also  found  in  many  brain  regions  outside  the  hypothalamus  where  it 
is  viewed  as  a  neuromodulator,  affecting  the  function  of  neurotransmitter 
systems  without  having  a  direct  post-synaptic  effer  .  Because  high  levels 
of  TRH  and  its  receptors  are  found  in  brain  regions  .  csociated  with  seizure 
activity,  we  have  studied  the  effect  of  kindled  seizures  on  brain  regional 
TRH.  We  found  that  TRH  in  fully  kindled  (stage  5)  rats  was  elevated  fe-fold 
in  pyriform  cortex  and  2-fold  in  both  the  amygdala  and  hippocampus. 
Additional  studies  with  partially  kindled  (stage  2/  rat?  suggest  that  the 
degree  of  TRH  elevation  may  be  related  to  the  stage  of  kindled  seizure 
elicited. 


Future  Objectives: 

We  plan  to  continue  to  study  the  mechanism  of  the  pitiitarv  cyclic 
AMP  and  other  neuroendocrine  and  neuropeptide  responses  to  stress.  The 
interactions  of  neurovransmitters  and  hormones  in  modulating  stress 
responses  will  be  analysed  using  specific  pharmaco'ogical  blockers.  The 
contribution  of  the  adrenal  gland  will  be  further  analysed  by  endocrine 
manipulations  such  as,  adrenal  medullectomy,  to  specifically  eliminate 
circulating  epinephrine,  or  the  use  of  drugs  such  as  dexamethasone  or 
metyrapone  to  mimic  or  block  the  feedback  effects  of  corticosterone. 
Further  physiologic  stud.es  (i.e.  amygdclar  or  septal  iesiccs,  etc.)  will  be 
initiated  to  understand  limbic  system  regulation  of  pituitary  responses.  We 
shall  extend  the  acute  stress  studies  to  include  consideration  of  the  chronic 
stress  of  continuous  performance  requirements.  We  will  also  continue  to 
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study  the  interaction  between  stress  responses  and  pretreatment  with 
pharmacological  agents  such  as  carbamate  cholinesterase  inhibitors,  as  well 
as  with  drugs  known  to  enhance  performance.  We  plan  to  assay  brain 
noradrenergic  receptors  in  stressed  animals,  and  to  study  the  effects  of 
"stress  hormones"  on  release  of  neurotransmitters.  We  plan  to  extend 
studies  of  sex  differences  in  responses  to  acute  and  chronic  stress. 

We  plan  to  continue  studies  of  neurochemical  mechanism  of 
development  of  seizure  disorders  following  trauma,  extending  neuropeptide 
studies  to  include  neurotensin,  somatostatin,  enkephalin,  cholecystokinin, 
vasoactive  intestinal  peptide  and  motiliru  We  are  planning  further  studies 
of  novel  pharmacologic  interventions  to  prevent  development  of  seizures 
following  brain  injury.  Further  studies  are  under  way  to  determine  if  the 
effects  of  kindling  on  TRH  levels  are  persistent,  or  of  limited  duration. 
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.  (U)  Objective  is  the  development  of  non-lnvaslve  human  peychophysiological 

nitoring  technology  in  support  of  field  studies  of  stress  in  military  environments. 

.  (U)  Approach  is  to  explolr  advances  in  signal  acquisition  and  processing 

chnologies  to  enlarge  the  scope  A  psychophyslologlcal  measurements  that  can  be  made 
der  field  conditions.  Technique's  are  validated  in  the  laboratory  prior  to  deployment  :n 
nrrolled  field  trials. 

.  (U)  82  10  -  83  09  This  work  provides  the  technology  base  for  Work  Unit  043, 

lirary  Stress:  Circadian  and  Ultradlan  Factors  (Accession  Number  DA  QC  6457). 

Development  of  a  field  deployable  Actlgraph  system  has  progressed  to  the  release  of 
RFj  and  first  Source  Selection  Board  review  for  its  contracted  design.  Arrangements 
ve  been  completed  with  NASA  to  acquire  their  technology  for  Improving  our  present  systim 
r  recording  human  core  teaperarures  using  "pill”  telemetrv.  The  revision  of  rhe 
rformance  Assessment  Battery  (PAB),  the  major  portions  of  the  user's  manual  and  utilit; 
ograras  to  aid  subject  training,  data  analysis  and  rest  parameter  modification  have  now 
en  completed.  The  revised  battery  has  been  sent  to  Ft.  thicker  for  field  use  in 
forger-83  and  in  ongoing  experiments  at  AFIP.  Findings  from  our  sustained  performance 
udles  led  ro  the  development  of  an  efficient  and  robust  new  performance  index  called 
hroughput”,  RFQs  have  been  released  for  the  development  of  a  Field  Deplo>-ble 
rformance  Assessment  Battery  (FPAB),  a  Neuropsychological  Test  System  (NPTS), 

(obtrusive  Ocular  Monitoring  System  (HOMS)  and  feature  extraction  procedures  utilising 
ttern  recognition  and  signal  processing  techniques.  A  data  base  hat  been  formed 
imposed  of  the  PAB,  Mood  Activation  Seals,  Lexical  Decision  and  Vigilance  Dlscriainarioi 
isks.  Subsequent  analyses  will  focus  on  the  effects  of  f at i sue  on  qjgnltive t.  Affective 
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Monitoring  of  Health  and 
Pe  rforaance 

Investigators  : 
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Associates:  LTC  Daniel  P.  Redmond,  MC; 

MAJ  Steven  Taube,  MC ; 

David  Thorne,  Ph.D.; 

Stanley  Hall,  B.A.; 

Helen  Sing,  M.S. 

Problems  and  Objectives 

This  work  unit  provides  the  supportive  technology 
base  for  Work  Unit  043,  Military  Stress:  Circadian  and 
Ulrradian  Factors  (Accession  Number  DA  0C  6457),  which 
is  designed  to  address  the  central  ps y c ho phy s i o lo g i c 
problems  of  modern  combat  stress  through  laboratory  and 
field  studies.  The  technical  goals  are  the 
exploitation,  refinement  and  application  of  rapidly 
improving  technologies  applicable  to  physiologic  data 
acquisition  and  performance  assessment.  Laboratory 
srudiea  emphasizing  both  innovation  in  instrumentation 
and  data  processing  techniques  are  coupled  with  field 
studies  in  military  and  appropriate  civilian 
environments.  The  objective  is  to  minimize  the 
intrusion  of  research  into  and  consequent  interference 
with  military  operations  that  are  the  subject  of  study. 

Progress 

For  continued  development  of  a  wrist-worn  Actigraph 
system,  it  was  essential  to  first  design  linear  analog 
wrist  morion  recording  methodology  based  on  highly 
sensitive  and  accurate  transducers.  Fifteen  such 
systems  were  fabricated  and  deployed  in  a  variety  of 
studies  in-house  at  the  University  of  Arkansas,  and  at 
Ft.  Hood.  Their  dependability  was  demonstrated  and  with 
refinements  they  will  become  the  standard  for  in-house 
use.  Through  these  studies  we  have  now  determined  the 
basic  orientation,  frequency,  band  width  and  amplitude 
characteristics  of  human  wrist  movement  in  natural 
environments  during  wakefulness  and  sleep  and  have 
identified  common  causes  of  artifact  and  noise.  These 
observations,  plus  comparisons  of  the  analog  transducer 
with  competing  ones,  have  permitted  the  estimation  of 
the  technical  requirements  for  an  adequate  digital 
memory  based  system  and  have  progressed  to  the  release 
of  an  RFQ  and  first  Source  Selection  Board  review  for 


the  contracted  dealg-n  of  a  field  deployable  Acc. graph 
systea. 

To  correct  drawbacks  and  laprove  dur  present  syatea 
for  recording  huaan  core  teaperatures  using  teleaetered 
"pill"  signals,  ve  have  coapleted  arrangeaents  with  NASA 
to  acquire  their  technical  reflneaents  In 
alnlaturlzation  and  signal  emission  quality.  Once 
acquired,  these  units  and  six  analog  Actlgraphs  will  be 
shared  with  our  Canadian  collaborators  under  the 
WRAIR/DCIEM  Neaorandua  of  Understanding  for  sustained 
operations/sleep  deprivation  Investigations. 

The  revision  of  the  Perforaance  Assessaent  Battery 
(PAB),  the  aajor  portions  of  the  user's  aanual  and 
utility  prograas  to  aid  sub Ject-training,  data  analysis 
and  test  paraaeter  modification  have  now  been 
coapleted.  Copies  have  been  requested  by  and  supplied 
to  Individual  laboratories  In  the  Navy,  Air  Force,  and 
NASA.  We  have  sent  the  revised  battery  to  Ft.  Rucker 
for  field  use  in  project  Reforger-83,  and  have  continued 
collaborative  support  of  Its  use  In  ongoing  experlaents 
at  AFIP. 

Findings  from  our  sustslned  perforaance  studies  led 
to  the  developaent  of  a  new  perforaance  Index 
(throughput)  that  la  simple,  applicable  to  widely 
different  tasks,  unaffected  by  details  of  task 
Implementation ,  consistent  with  speed-accuracy  trade-off 
phenoaena,  and  both  more  sensitive  and  less  variable 
than  traditional  reaction  time  or  accuracy  measures. 
Throughput  declined  approximately  252  per  day  awake  when 
circadian  variation  was  removed.  (See  Thorne,  Censer, 
Sing  and  Hegge,  1983). 

The  Importance  of  determining  the  full  lapact.  of 
various  combat  stressors  and  their  Interactions  on  the 
perforaance  capacity  of  the  soldier  has  resulted  In  RFQs 
for  a  variety  of  hardware  and  software  systeai.  The 
Field  Deployable  Perforaance  Assessment  Battery  (FPAB) 
la  a  al c rop r oc ea s or  syatea  suitable  for  field  deployment 
and  will  be  utilized  to  collect  cognitive  and 
psychoaotor  data,  aubject  histories,  read  out 
physiological  monitoring  systsas,  administer 
psychometric  scales  and  neuropsychological  Instruments, 
run  military  task  simulations  and  communicate  directly 
with  aainfraae  computers  such  as  VAX.  The 
Neuropsychological  Test  System  (NPTS)  will  be  used  for 
both  screening  and  quantitative  assessaent  of 
neuropsychological  function  over  a  full  range  of 
sensory,  perceptual,  and  cognitive  abilities.  An 
Unobtrusive  Ocular  Monitoring  System  (UOMS)  has  been 
proposed  which  would  be  employed  In  conjunction  with  PAB 
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(or  FPAB)  in  an  effort  to  map  out  more  clearly  the 
effects  of  specified  stressors  on  both  ocular  and 
cerebral  components  of  cognitive  performance.  New  data 
analytic  strategies  have  been  proposed  which  would 
subject  heart  rate,  interbeat  interval,  and  motor 
activity  to  feature  extraction  procedures  utilizing 
pattern  recognition  and  signal  processing  techniques. 
Statistical  properties  of  the  extracted  features  will  be 
described  and  software  will  be  developed  for  the  most 
promising  features. 

A  data  base  composed  of  the  Performance  Assessment 
Battery,  Mood -A c t i vi a r i on  Scale,  Lexical  Decision  and 
Vigilance  Discrimination  Tasks  (see  1982  annual  reports 
-  Non-invasive  Monitoring  and  Circadian  and  Ultradian 
Factors  for  descriptions  of  PAB  and  the  tasks  mentioned 
above)  has  been  formed.  Analysis  of  the  data  contained 
therein  will  focus  on  the  effects  of  fatigue  on 
cognitive,  affective,  and  physiologic  functions. 

Fu  f  u  re  Objectives 

Acquisition  of  the  field  deployable  Acfigraph 
system  is  expected  by  Summer  1984,  when  application  to  a 
variety  of  sleep  loss,  sustained  operations  and  CBW 
discipline  studies  will  begin.  Continued  use  of  the 
analog  aystems  is  expected  in  Toronto  and  Little  Rock  to 
provide  data  on  sleep  and  fatigue  physiology  for  Pattern 
Recognition  development,  both  in-house  and  in 
collaboration  with  George  Washington  University. 

Future  plans  for  PAB  are  to  complete  the  remaining 
portions  of  the  user's  manual,  to  develop  a  resident 
analysis  program  for  the  Mood -Ac t i va r ion  Scale,  to  begin 
compiling  normative  data  on  *:he  existing  tasks,  and  to 
begin  developing  tests  of  critical  skills  not  assessed 
by  the  present  battery. 

The  contract  efforts  mentioned  above  are  currently 
in  the  acquisition  process. 

Presenter  ions  end  Publications 

1.  Thorne,  D.,  Genser,  S.,  Sing,  H.,  and  Hegge,  F. 
Plumbing  human  performance  limits  during  72  hours  of 
high  task  load.  Proceedings  of  the  24th  Defense 
Research  Group  Seminar;  1983  May  2-4;  Defense  and  Civil 
Institute  of  Environmental  Medicine,  Downsview,  Ontario; 
Vo  1  1  . 
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(il)To  investigate  basic  chemical,  biological,  and  pharmacological  aspects  in  drug  de- 
opment  for  use  against  parasitic  diseases  of  military  importance. 

(U)Chemicals  are  synthesized,  characterized,  and  analyzed  for  study,  culture  systems 
animals  models  of  parasitic  diseases  are  developed  and  used,  drug  delivery  systems 
animal  models  are  developed,  all  to  study  the  efficacy  and  toxicology  of  potential 
gs.  New  diagnostic  methods  are  investigated.  25.  (U)  82  10  - 

09  The  effects  of  mefloquine. HC1  on  atrial  and  ventricular  automaticity  were  evaluated 
pentobarbial-anesthetized  dogs  with  complete  AV  block.  Meifoquine  produced  little 
nge  in  atrial  and  ventricular  automaticity  alone  or  in  combination  with  primaquine, but 
entiated  the  depression  in  atrial  automaticity  produced  by  the  beta  adrenolytic  agent, 
pranolol.  These  data  suggest  that  mefloquine  and  primaquien  can  be  coadministered  withj 
adverse  effects  while  concomitant  mefloquine  therapy  with  propranolol  requires  care- 
patient  monitoring  and  possibly  dose  reduction. In  the  canine  model .several  chemical 
physical  characteristics  of  bile  were  identified  which  will  ultimately  serve  as  ref- 
nce  indices  for  this  model's  use  in  establishment  of  the  enterohepatic  circulation 
racteristics  of  candidate  antiparasitic  drugs.  Preliminary  results  have  shown  a  small 


consistent  inyerse  relationship  between  sodium  taurocholate  induced  cljoleresis  and 

gical  procedure  for  long-term  implantation  of  a  catheter  into  the  hepatic 


cosity.  A  surgical  procedure  for  long-term  implantation  o .  _  - 
tal  vein  has  been  devised  which  ensures  this  vessel's  patency  and  provides  the  oppor- 
ity  for  studying  the  liver's  handling  of  small  quantities  of  test  drug.  Over  twenty 
no  acids  were  screened  tor  their  i.,*  vitrn  utilization  requirements  by  P.  falcioariim. 
tures  with  oleic  acid,  cis  vaccen'ic  acid  and  linol?ic  acid  sustained  best  grpwtn  tor 
r  one  month  and  were  studied  in  various  concentrations,  both  singly  and  combined, 
g  sensitivity  assay  studies  were  performed  for  hospitalized  and  clinical  phase  II  drug 
elopment  patients.  For  technical  report  see  WRAIR  Annual  Progress  Report, 10ct82-30Se^ 
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PROJECT:  3M161102BS10  Research  Hazards  on  Military  Disease, 

Injury  and  Health  Hazards 

WORK  UNIT  217  Basic  Studies  in  Infectious  Diseases 
INVESTIGATORS: 

Principal:  MAJ  D.  Korte 

Dr.  H.  Lowensohn 
Mrs.  G.P.  Uillet 

Associate:  SP6  N.  Wright 
PROBLEM  AND  OBJECTIVES: 

The  development  of  effective  anti parasi ti c  and  infectious 
disease  agents  is  dependent  upon  the  simultaneous  development  of 
pharmacol ogi c ,  toxicoloqic  and  chemical  analysis  technology  and 
model  systems  for  evaluating  efficacy  and  host  responses.  The 
objective  of  this  work  unit  is  to  design  and  implement  such 
methodologies  for  the  evaluation  of  identified  candidate 
compounds.  Specifically,  studies  were  designed  to  evaluate  the 
interactions  of  drugs  known  to  possess  cardiac  anti arrhythmi c 
effects,  enterohepatic  effects  and  in  vitro  fatty  acid 
requirements  for  malaria  cultivation. 

PROGRESS: 

The  effects  of  the  candidate  anti  mal  ari  al  ,  mefloquine. HC1,  on 
atrial  and  ventricular  automaticity  were  evaluated  in 
pentobarhi al -anestheti zed  dogs  with  complete  AV  block.  Mefloquine 
produced  little  change  in  atrial  and  ventricular  automaticity 
alone  or  in  combination  with  the  antimal ari  al  ,  primaquine,  but 
potentiated  the  depression  in  atrial  automaticity  produced  by  the 
beta  adrenolytic  agent,  propranolol.  These  data  suggest  that 
mefloquine  and  primaquine  can  he  coadmi  ni  stered  without  adverse 
effects  while  concommi  tant  mefloquine  therapy  with  propranolol 
requires  careful  patient  monitoring  and  possibly  dose  reduction. 

Using  the  canine  model  previously  developed  in  this 
laboratory,  several  chemical  and  physical  characteri sti cs  of  bile 
were  identified  which  will  ultimately  serve  as  reference  indices 
for  this  model's  use  in  establishment  of  the  enterohepatic 
circulation  characteristics  of  candidate  anti parasi ti c  drugs. 
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Contrary  to  published  information,  no  correlation  was  found 
between  bile  flow  rate  and  varying  strengths  of  the  choleretic 
agent,  sodium  taurochol ate.  Intravenous  administration  produced  a 
uniform  bile  flow  for  8  hours  in  the  anesthetized  dog.  Bile  flows 
varied  from  dog-to-dog,  but  ranged  from  2  ml /hour  to  12  ml /hour. 
Bile  osmolarity  consistently  amounted  to  slightly  less  than  that 
observed  for  plasma  (92  ±  .05%  SO)  and,  in  3  dogs,  bile  pH 
remained  relatively  stable.  Preliminary  results  have  shown  a 
small  but  consistent  inverse  relationship  between  sodium 
taurocholate  induced  choleresis  and  viscosity.  Having  attained  a 
stable  model,  quinine  was  infused  into  one  dog;  quantitative 
recovery  techniques  from  blood  plasma  appear  adequate,  yet 
difficulty  was  experienced  with  quantitative  separations  of 
quinine  from  bile.  8ile  interfering  substances  have  caused 
analytical  problems  but  these  difficulties  were  overcome  by 
separating  interference  from  quinine  with  a  column  clean-up 
procedure.  A  surgical  procedure  for  long-term  implantation  of  a 
catheter  into  the  hepatic  portal  vein  has  been  devised  which 
ensures  this  vessel  ‘s  patency  and  provides  the  opportunity  for 
studying  the  liver's  handling  of  email  quantities  of  test  drug. 

Continuous  in  vi tro  cul ti vation  of  the  malaria  parasite  P. 
fal ci pa  rum  was  performed  in  a  plasma-free  medium  supplemented  with 
f'atty-aci  ds  and  fatty-acid  free  albumin.  Over  twenty  fatty  acids 
were  screened  at  different  concentrations.  Cultures  with  oleic 
acid,  cis  vaccenic  acid  and  linoleic  acid  sustained  best  growth 
for  a  period  of  over  a  month  and  were  maintained  at  various 
concentrations,  single  and  combined.  This  work  was  completed  and 
is  in  press  (see  publications).  This  laboratory  was  also 
responsible  for  performing  the  malaria  in  vitro  drug  sensitivity 
assay  studies  for  patients  of  the  clinical  phase  II  drug 
development  program  and  patients  from  WRAMC.  Several  such  studies 
were  conducted. 

FUTURE  OBJECTIVES 

Studies  will  be  initiated  to  establish  tolerable  i.v.  doses 
of  atropine  sulfate  with  respect  to  hemodynamic  and  myocardial 
metabolic  responses,  temporal  relationships  between  peak  plasma 
levels  of  atropine  and  physiological  testing  and  the  time  span 
required  between  atropine  tests  to  preclude  tachyphylaxis.  After 
so’ving  the  above  questons  we  will  commence  studies  to  ascertain 
the  effects  of  Intravenous  atropine  upon  myocardial  performance 
under  the  same  protocol.  Current  bile  flow  studies  to  establish 
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?3  (U)  The  objective  jis  to  find  suitable  antigens  that  can  be  used  to  develop  vaccines 
for  parasitic  diseasesj  that  pose  a  significant  threat  to  military  operations  in  endemic 
ireas.  1 

!4  (U)  The  approaches!  used  for  these  studies  Involve  development  of  an  In  vitro  C' 
lediated  assay  to  measure  cidal  activity  of  polyconal  immune  serum  against  promastigote^ 
md  amastigotes  of  L.  donovanl ,  to  use  various  techniques  to  produce  anti-sporozoite 
P.  falciparum')  mab'si  recognizing  Pf67. 

5  (U)  82  10-83  09  An  in  vitro  C*  mediated  killing  assay  was  developed  which  demon- 

trated  that  human  immune  serum  (antibody)  killed  both  promastigotes  and  amastigotes  of 
.  donovani;  the  former  by  the  classical  and  the  later  by  the  alternate  pathway.  Further^ 
ore  in  vitro  observations  correlate  with  in  vivo  effects.  Surface  reactive  Mab’s 
gainst  L.  donovani  have  been  developed  and  are  being  screened  in  the  C'  mediated  assay 
our  Mab's  show  significant  cytopathic  effect.  Surface  proteins  recognized  by  these 
ab's  are  being  characteri zed  by  S0S-PAGE  Western  Blot  Techniques.  It  is  anticipated 
hat  recombinant  DNA  methods  will  allow  production  of  these  proteins  for  immunogeneity 
nd  immunization  trials.  Twenty  anti-P.  falciparum  sporozoite  mab's  were  developed  and 
haracteri zed.  SDS-PAGE  Western  Blot  techniques  were  developed  to  demonstrate  that  the^ 
ecognize  Pf67.  Recombinant  ONA  technology  is  being  utilized  to  prepare  genomic  and 
DNA  libraries.  A  pool  of  5  mab's  is  being  used  to  screen  the  libraries  for  clones  con- 
aining  DHA  coding  for  Pf67.  For  technical  report  see  Walter  Reed  Army  Institute  of 
’search  Annual  Report,  1  Oct  82  -  30  Sep  83. 
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PROJECT:  3M161102BS10  RESEARCH  ON  MILITARY  DISEASES,  INJURY  AND 

HEALTH  HAZARDS 


Work  Unit:  218  Immunological  Mechanisms  In  Microbial 

Infections 

Investigators: 

Principals:  LTC  Wayne  T.  Hockmeyer,  MSC 

MAJ  W.  Ripley  Ballou,  MC 
CPT  Jackie  Williams,  MSC 


Associates:  CPT  Robert  Crawford,  MSC 

Mr.  Rufus  Gore 
Mr.  Joseph  S.  Williams 
Mr.  William  H.  Hildreth 
SP4  David  Soos 

Problem  and  Objectives: 

Leishmaniasis  vaccine  development  is  hampered  by  the  apparent 
lack  of  protection  associated  with  antibody  and  thus  the  inability 
to  use  polyclonal  immune  sera  or  monoclonal  antibodies  to  identify 
relevant  protective  antigens.  Since  most  of  this  evidence  was 
derived  from  studies  conducted  in  laboratory  mice,  it  was  impor¬ 
tant  to  determine  whether  immune  sera  from  patients  cured  of 
visceral  leishmaniasis  was  protective  either  in  vitro  or  in  vivo. 

Malaria  remains  are  of  the  Army's  most  important  infectious 
disease  problems.  Development  of  a  protective  vaccine  against 
Plasmodium  falciparum  malaria  is  a  major  goal  to  augment  tradi¬ 
tional  chemoprophy lactic  approaches. 

Progress : 

Immune  sera  was  collected  from  sixty-eight  Kenyan  patients 
cured  of  visceral  leishmaniasis.  Five  to  seven  day  old  cultured 
L_.  donovani  promast  igotes  were  washed  and  adjusted  to  2xl07 
organ  isms /nil  in  RPMI  medium,  fresh  normal  human  serum  is  diluted 
1/20  in  RPMI  to  provide  a  source  of  exogenous  complement 


(C*).  Human  inmune  serum  was  heat  Inactivated  for  30  min  at  56  C° 
and  variously  diluted  in  RPMI  to  provide  a  source  of  antibody 
(a  I).  Promcstigote  suspensions  (0.25ml)  were  Incubated  for  30 
min  at  37C  with  0.125  ml  1/20  C  and  0.125  ml  AI  or  with  medium 
alone.  The  promast Igote  suspensions  were  washed  by  centrifugation 
and  resuspended  In  0.3  ml  RPMI.  Twenty  ul  of  the  washed  proaas- 
tigote  suspension  was  mixed  with  20  ul  of  a  fluorescein  dlacetate- 
ethidium  bromide  solution  (FDA-E8)  and  examined  by  Incident 
fluorescent  microscopy.  Viable  organisms  transport  FDA  intra- 
cel  lularly,  enzymatically  cleave  diacetate  and  fluoresce  green. 
Dead  organisms  cannot  exclude  E8  and  fluoresce  red.  The  ratio  of 
dead  to  alive  promastigotes  among  100-200  organisms  Is  determined 
in  triplicate  samples.  Cytopathic  activity  (CPA)  Is  calculated  as 
follows: 

*  killed  control  -  %  killed  treated  ^qq 
*  killed  control 

Media  treated  controls  do  not  differ  from  M  1/40  treated 
controls.  C‘  (1/30)  controls  typically  show  10%  CPA.  However 
1/80  C1  plus  1/40  A  i  results  in  a  40  -  6031  CPA  at  30  min.  Dose 
response  experiments  demonstrate  significant  loss  of  CPA  at  a  I 
dilutions  above  1/400.  Evidence  that  this  activity  is  mediated  by 
classical  complement  pathways  is  confirmed  by  loss  of  CPA  if  fresh 
C-2  deficient  or  fresh  Mg-EGTA  chelated  serum  is  used  as  a  source 
of  complement.  In  similar  studies,  amastigotes  of  L..  donovani  are 
also  killed  by  a  I  plus  C'  though  killing  Is  mediated  by  the 
alternate  rather  than  c’sssical  pathways. 

Surface  reactive  monoclonal  antibodies  are  currently  being 
screened  in  the  C'  mediated  killing  assay.  Of  4  screened  to  date, 
three  demonstrated  significant  CPA,  1  as  high  as  40*.  The  Intent 
is  to  use  these  mab's  to  identify  and  characterize  Irmrunochenl- 
cally  the  relevant  protective  surface  reactive  antigens,  to  clone 
the  gene(s)  coding  for  expression  of  these  antigen(s)  and  finally, 
to  produce  the  gene  product  for  immunization  studies. 

During  the  past  year  more  than  20  mab's  were  produced  against 
P.  falciparum  sporozoites.  These  mab's  produced  high  IFA  titers 
and  strong  CSP  reactions.  Five  of  these  mab's  were  analyzed  by 
S0S-PA6E  electrophoresis  and  Western  81ot  and  react  with  Pf  67  and 
Pf  58,  an  antigen  which  has  been  demonstrated  to  be  protective. 
An  intensive  effort  is  underway  to  clone  the  gene  coding  for  PF  67 
by  making  both  genomic  ar.d  cDNA  libraries. 
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23.  (U)  To  investigate  methods  for  maintaining  fluid,  electrolyte  and  hemodynamic  homeo¬ 
stasis  in  response  to  disease,  injury  and  environmental  stress  of  military  significance 
such  as  shock,  infectious  disease,  heat  stress,  gastrointestinal  disorders  and  nephro¬ 
toxic  drugs  in  order  to  provide  rational  basis  for  prevention  and  treatment  of  renal 
failure. 

24.  (U)  Clearance  methods,  isolated  tubule  perfusion,  membrane  transport,  intracellular 
micro clertrod es,,  tissue  culture,  enzyme  kinetics,  chromatography  and  isotope  dilution. 

25.  (II)  ,  vasA'act^ivo  factors  have  been  studied  in  several  models  of  acute  renal  failure 
including  henmorhagie  hypotension  in  the  dog,  hemmorhagic  and  myoglobin  infusion  in  the 
r.it  and  gentsnicin  nephrotoxicity  in  the  rat.  Marked  changes  in  bradykinin,  kallikrein 
and  catechol  amine  activity  occur  but  do  not  correlate  veil  with  the  degree  of  renal 
failure  seen.  Pros  tag  1  and  in  inhibition  is  associated  with  an  increase  in  rate  of  devel¬ 
opment  and  severity  of  ARF.  The  latter  tvo  models  provide  more  highly  reproducible 
animal  ARF  :n  which  to  evaluate  therapy.  Studies  in  tvo  other  models,  renal  artery 
clamp  and  dve- induced  ARF  in  the  rat  have  been  initiated  to  examine  role  of  pro— xisting 
electrolyte  imbalance  on  genesis  of  ARF  and  to  look  for  su. table  enzymatic  markers  of 
ARF.  Studies  have  been  initiated  in  therapy  of  established  acute  renal  failure  by  use 
of  metabolic  agents.  A  tubule  suspension  preparation  has  been  used  to  demonstrate 
maintanoe  of  tissue  ATI’  levels  in  anoxia  by  use  of  purine  precursors.  For  technical 
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Project:  3M161102BS10  RESEARCH  ON  MILITARY  DISEASE,  INJURY  AND 
HEALTH  HAZARDS 


Work  Unit  220  Pathogenesis  of  Renal  Disease  of  Military  Importance 


Investigators: 

Principal:  LTC  John  P.  Johnson,  MC 

Associates:  OOL  Donald  E.  Butkus,  MC 

LTC  William  P.  Wiesmann 
MAJ  James  L.  Atkins 
Mr.  Richard  S.  Fisher,  Ph.D. 
LTC  Cristobal  G.  Duarte,  MC 
Mr.  John  A.  Gagnon 
Mr.  James  S.  McNeil 


Problems  and  Objectives 

Acute  renal  failure  in  combat  casualties  is  the  major  problem 
addressed  by  this  Department.  Renal  failure  in  this  setting  is 
associated  with  a  persistant  high  mortality  despite  two  decades  of 
advances  in  therapy  directed  at  controlling  consequences  of  ARF 
(1).  The  incidence  cf  acute  renal  failure  has  decreased  in 
severley  injured  in  the  Vietnam  conflict  as  compared  to  the  Korean 
conflict  due  to  more  rapid  triage  and  volume  replacement  on  the 
battlefield.  The  Impact  of  established  renal  failure  on  survival 
remained  unchanged  In  spite  of  more  vigorous  dialysis  and 
nutritional  support  measures.  It  is  also  apparent  that  the  pattern 
of  ARF  developing  in  combat  casualties  may  be  changing  with  a 
greater  incidence  late  in  treatment  courses  due  to  complications  of 
sepsis  and  antibiotic  toxicity  (2).  Early  insights  into  therapy 
were  developed  from  studies  of  vasomotor  events  in  the  initiation 
phase  ARF.  This  data  suggested  that  establishment  of  a  solute 
diuresis  with  osmotically  active  agents  which  reduce  cell  swelling 
due  to  anoxia  might  ameliorate  the  course  of  ARF.  Indeed,  early 
volume  replacement  and  reduced  shock  duration  as  practiced  in 
Vietnam,  did  result  In  a  decreased  frequency  of  ARF  (2)  but  has  not 
resulted  in  a  change  in  our  approach  to  established  renal 
failure.  For  this  reason,  the  Department  has  chosen  to  develop 
combat  casuallty  analogous,  animal  models  of  establish  ARF  with 
which  to  examine  therapeutic  interventions.  The  underlying 
approach  will  be  a  metabolic  intervention  design  to  preserve 
damaged  tissue  and  hasten  renal  regeneration.  Based  on  studies 
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derived  from  RBC  survival,  ischemic  damage  to  CNS,  myocardium,  and 
kidney  our  approach  will  be  to  augment  anaerobic  ATP  synthesis  in 
an  attempt  to  retain  or  reclaim  organ  function. 

Progress 

Considerable  evidence  of  vasomotor  changes  during  the  first 
twelve  hours  following  the  initial  insult  in  ischemic  or  toxic 
renal  failure  have  suggested  that  pretreatment  or  very  early 
intervention  designed  to  maintain  solute  diuresis  or  decrease 
afferent  artorlolar  resistance  may  modify  the  course  of  ARF.  In 
particular,  inhibition  of  the  vasodiluting  prostaglandin  system  has 
been  shown  to  accentrate  the  course  of  a  wide  variety  of 
experimental  AFR  models  (see  below).  Recently,  however,  emphasis 
has  shifted  to  examining  the  role  of  cell  death  in  established 
renal  failure  and  the  importance  of  imparled  cellular  metabolism  in 
the  establishment  of  acute  renal  failure.  While  the  course  of  ARF 
may  be  influenced  in  its  Initiation,  it  is  likely  that  most  AFR  in 
combat  casualties  will  be  recognized  during  its  maintainance 
phase.  The  department  has  therefore  initiated  studies  to  develop 
reliable  markers  of  acute  renal  failure  to  correlate  with  metabolic 
cell  damage  at  the  earliest  and  latest  reversible  stages.  This 
will  be  examined  by  looking  for  enzyme  markers  or  products  of 
purine  degradation  in  ischemic  (clamped)  kidneys  and  in  perfusate 
from  isolated  tubules  perfused  under  anodic  conditions. 

Additionally  we  will  continue  to  develop  a  variety  of  models  of 
acute  renal  failure  in  large  and  small  animals  in  which  to  attempt 
metabolic  intervention  at  varying  stages  of  developing  or 
established  acute  renal  failure. 

S t ud i es  in  Ischemic  and  Combined  To  tic- Ischemic  Renal  Fallu re 


In  a  previous  study  on  the  interaction  of  vasoconstrictor  and 
vasodilator  hormones  released  systemioally  and  intrarenally  in 
response  to  the  combined  insult  of  hemorrhagic  hypotension  and 
suprarenal  aortic  constr iction ,  we  proposed  to  maximize  renal 
injury  without  causing  the  acute  death  of  the  animal.  Partial 
constriction  of  the  aorta  at  the  level  of  the  right  renal  artery, 

In  unilaterally  nephrectomized  animals,  would  selectively  reduce 
renal  blood  flow  without  severely  impairing  flow  to  the  gut. 

In  nine  anesthetized  dogs  severe  renal  ischemia  of  three  hours 
duration  was  obtained  by  the  combined  insults  of  sublethal 
hemorrhage  (30  ml/kg)  and  partial  aortic  constriction  in  acutely 
uninephr»ctomized  dogs.  Mild  transient  azotemia  occured  in  all 
animals  In  the  first  two  post-ischemia  days.  Four  animals 
demonstrated  persistant  azotemia  through  day  7  (Pcr  3-1  -  20 
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mgH).  The  mean  GFR  and  RPF  values  for  the  9  animals,  however,  was 
not  significantly  reduced  belcw  control  7  days  after  Insult. 

In  an  effort  to  impose  a  greater  renal  Insult  the  amount  of 
blood  withdrawn  was  increased  to  35  ml/kg  and  40  ml/kg  In  2 
animals.  One  animal  (40  ml/kg)  died  the  day  following  the 
experiment  from  a  necrotic  gut.  The  second  animal  (35  ml/kg)  was 
,  sacrificed  7  days  post-insult  with  GFP  and  RPF  exceeding  control 
values. 

Utilizing  the  same  model  a  30-60  min  period  of  hypoxia  (x  P02 
=  57  mm/Hg)  was  impr  :ed  during  the  period  of  H.H.  and  SRAC  in  3 
dogs.  By  day  7  post -ischemia  GFR  and  RPF  had  returned  to  control 
on  above  in  all  3  an  unals.  Since  hypoxia  did  not  appear  to  enhance 
the  renal  insult  it  was  discontinued  and  the  period  of  HH  and  SRAC 
extended  to  4  hours  in  3  additional  animals.  All  three  died  within 
24  hours  of  insult  with  bloody  stools.  It  was  apparent;  that 
constriction  of  the  aorta,  although  distal  to  the  cranial 
mesenteric  artery,  could  contribute  to  the  ischemic  gut  by 
impairing  flow  to  the  caudal  mesenteric  artery  which  primarily 
supplies  the  colon. 

a  It  was  concluded  that  this  approach,  which  involved  rather 

extensive  surgery,  would  not  lead  to  the  development  of  a  highly 
reproducible  model  of  ARF.  For  this  reason  further  study  of  this 
model  was  discontinued,  and  attempts  were  initiated  to  develop  a 
simpler  model  by  combining  hemorrhage  and  a  toxic  insult  in  the 
awake,  non-nephrectomized  animal.  Initial  studies  on  feasibility 
were  carried  out  in  the  rat. 

Post-traumatic  renal  Insufficiency  associated  with 
myoglobinuria  is  a  common  complication  of  traumatic  injuries. 
Because  of  the  relevance  of  this  syndrome  to  the  military  a  study 
has  been  undertaken  to  reproduce  myoglobinuric  acute  renal  failure 
in  the  rat. 

While  it  is  generally  acknowledged  that  multiple  factors  are 
involved  in  the  development  of  myoglobinuria  ARF,  many  of  the 
experimental  studies  designed  to  develop  this  syndrome  have  simply 
Involved  the  administration  of  the  heme  pigments,  (primarily 
hemoglobin)  to  otherwise  unstressed  animals  in  which  diet  or  water 
intake  was  altered.  In  no  instance,  to  our  knowledge,  has 
myoglobin  been  Infused  in  combination  with  an  episode  of 
hemorrhagic  hypotension. 

It  is  well  established  that  prostaglandins  exert  strong  direct 
vasomotor  effects  yet  the!"  role  under  conditions  of  stress  is  not 
well  defined.  Ischemia  tends  to  cause  a  release  of  vasodilating 


211 


prostaglandins  in  the  kidney,  therefore,  an  increase  in  the  renal 
release  of  prostaglandins,  secondary  to  hemorrhage  or  trauma  could 
theoretically  provide  protection  by  opposing  renal 
vasoconstriction.  Inhibition  of  renal  prostaglandin  synthesis,  on 
the  other  hand,  might  be  expected  to  potentiate  the  renal  ischemic 
response.  Therefore,  the  present  study  on  acute  renal  failure,  the 
renal  effects  of  the  Intraarterial  infusion  of  myoglobin  and 
inhibition  of  prostaglandin  synthesis  during  hemorrhage  in  the  rat, 
was  undertaken. 

Water,  but  not  food,  was  withheld  for  48  hrs  prior  to  the 
experimental  procedure.  Lyophylized  equine  myoglobin  (0.5-0. 7  g/kg 
body  wgt)  was  administered  intraarterially  in  a  volume  of  0.5  ml 
normal  saline  over  a  period  of  15  min.  In  the  prostaglandin  - 
inhibited  animals  indomethacin  (5  mg/kg  body  wgt)  was  slowly 
administered  via  the  arterial  cannula  30  min  prior  to  hemorrhage 
and/or  myoglobin  administration .  Hemorrhage  consisted  of  the 
withdrawal  of  251  of  the  estimated  blood  volume  (blood  vol.  of  rat 
=  65  ml/kg  body  wgt)  over  a  period  of  twenty  minutes.  To  prolong 
the  period  of  hypovolemia  and  prevent  a  sudden  increase  in  the 
excretion  of  myoglobin  secondary  to  an  increase  in  arterial  blood 
pressure  and  urine  flow,  the  shed  blood  was  not  reinfused.  To 
further  delay  the  excretion  of  the  heme  pigment  water  was  withheld 
for  24  hrs  after  the  insult.  Control  animals  were  handled  and 
prepared  in  the  same  manner  as  the  experimental  animals  but  were 
not  hemorrhaged  nor  administered  indomethacin  or  heme  pigment. 

The  plasma  concentrations  of  creatinine  (Pcr)  and  urea 
nitrogen  (BUN),  at  the  time  of  sacrifice  (48  hrs  post-insult)  were 
used  as  indices  of  renal  insufficiency.  The  appearance  of  each 
kidney  was  noted  and  then  removed,  weighed,  sectioned  and  placed  in 
10%  buffered  formalin  until  processed  for  histologic  examination. 

The  mean  P  and  BUN,  on  the  day  of  sacrifice,  of  eleven 
control  animals  (group  I)  was  0.62  0.17  mg*  and  22.0  _♦  7.3  mgU, 

respectively  and  the  mean  PPT4’  was  4.62  _+  0.58  m£q/L.  Withdrawal  of 
25%  (  '  the  estimated  blood  volume  in  3  rats  (group  II)  was  not 
significantly  increased  above  control;  P  was  0.80^*  0.12  mg V  and 
BUN  was  17.0  +_  2.7  mg<  while  Pr*  was  3.87  +_  0.10  mEq/L. 
Administration  of  myoglobin  (group  III)  in  9  rats  resulted  in  a 
moderate  but  not  significant  increase  in  Pcr  to  1.56  +_  1.7  mgH  and 
BUN  to  53*4  ♦_  54.6  mgl  (p  >0.05);  PK"1-  increased,  but  not 
significantly  to  4.49  +_  0.79  ra£q/L.  When  hemorrhage  preceded  the 
administration  of  myoglobin  in  8  animals  (group  IV)  P  (3*06  +_  4.0 
mg<:p  >0.05)  and  BUN  (93-8  _♦  32.4  mglt:  p<  0.025)  nearly  doubled  the 
mean  values  observed  when  myoglobin  alone  was  administered. 

However,  since  ?Gr  was  below  control  or  only  moderately  increased 
in  5  of  the  8  animals  the  increase  was  not  significant.  Although 
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the  increase  in  BUN  was  significant  It  was  only  moderately  elevated 
in  ^  of  the  8  animals  (31  — ft9  mg<).  PR*  also  increased  to  5.63  ± 
1.0ft  mEq/L  (p  >0.05)  in  this  group. 

In  group  V,  in  which  myoglobin  was  administered  after 
inhibiting  prostaglandin  synthesis  on  release,  Pcr  and  BUN 
increased  in  all  13  animals  to  5.70  +_  3-95  mgit  (p < 0.001)  and  1ft9.7 
81  mgj  (p<  0.001),  respectively.  PIC*"  was  5.75  ^1.97  mEq/L  (p  > 
0.05). 

The  administration  of  myoglobin  after  prostaglandin  inhibition 
and  hemorrhage  (ft  animals)  resulted  in  only  moderate  and 
insignificant  increases  in  (2.ft7  _+  1.76  mg5)  and  BUN  (85.9  ±  6ft 
mg).  PK*  (ft. 17  ♦_  0.61  mEq/L)  was  also  not  significantly  increased. 

Preliminary  result  support  the  generally  held  notion  that  a 
funtional  vasomotor  disturbance  within  the  kidney  may  be,  in  part, 
responsible  for  the  induction  cf  acute  renal  failure  in  this  as  in 
other  models. 

Because  an  acid  concentrated  urine  appears  to  be  important  in 
the  genesis  of  ARF  in  this  model  and  appears  to  be  typical  of 
clinical  syndromes  in  which  AFR  occurs,  a  separate  pilot  study  has 
been  initiated  to  examine  the  role  of  luminal  pH  and  toxicity  on 
the  response  to  graded  clamp  hypoperfusion. 

Studies  in  Non-Ischemlc  Models  of  Acute  Renal  Failure 


The  Department  has  completed  a  study  of  Gentimiein-Induced 
Nephrotoxicity  (12)  which  provides  an  easily  reproducible  and  well 
characterized  toxic  model.  In  addition,  studies  in  cis-platinum 
nephrotoxicity  (12)  have  demonstrated  the  value  of  sulfydryl 
reactive  agents  in  ameliorating  the  nephrotoxicity  of  this  commonly 
used  anti -neoplastic  agent.  The  agents  do  not  seem  to  work 
prlmarly  through  chelation  as  urinary  levels  of  the  cis-platinum 
were  unchanged.  Tissues  levels  may  help  determine  whether  uptake 
is  altered  or  the  agents  are  acting  directly  at  the  membrane 
level.  A  model  of  dye-induced  renal  failure  is  being  developed  and 
studied  in  the  rat  in  an  attempt  to  delineate  the  role  of  pre¬ 
existing  electrolyte  Imbalance  on  susceptibility  to  this  form  of 
toxic  ARF.  Studies  are  ongoing  in  varying  states  of  volume 
depletion  and  K*  imbalance.  This  may  be  of  value  in  terms  of 
defining  conditions  for  dye  studies  which  will  minimize  the 
occurance  of  this  form  of  ARF. 


Metabolic  and  Functional  Studies  o  f  Anoxi  c  Epithelial  Cell  and 
Tubn lea 


In  line  with  the  Departments  goal  of  defining  and  Influencing 
cellular  metabolic  consequences  of  renal  injury,  a  major  effort  has 
been  undertaken  to  establish  precise  conditions  for  monitoring 
response  of  individual  cells  or  tubules  to  anoxia.  An  improved 
cortical  tubule  suspension  dervied  from  pathogen  free  rats  has  been 
developed  which  demonstrate  sustained  0o  uptake  in-vitro  and  has 
been  employed  in  preliminary  studies  of  anoxia.  Tubules  were 
incubated  in-vitro  under  aerobic  and  anerobic  conditions  in  control 
buffer  solutions  or  solutions  supplemented  with  adenine,  adenosine 
or  calcium  ionophore,  and  tissue  ATP  levels  were  measured  after  1 
hour  by  high  performance  liquid  chromatography.  Under  aerobic 
conditions  rv»‘ther  adenine  or  adenosine  (both  precursors  of 
anerobic  ATP  synthesis)  had  any  effect  on  ATP  elvels  while  the  Ca+'+ 
ionophore  markedly  reduced  ATP  levels.  This  finding  is  consistent 
with  observations  in  nor-epi nephr i ne  induced  renal  failure  that 
tissue  Ca+“*’  levels  correlate  Inversely  with  oxidative 
phosphorylation  potential.  Under  anerobic  conditions,  control  and 
Ca'*“t’  ionophore  preparations  had  reduced  ATP  levels  and  adenosine 
and  adenine  returned  these  to  near  control  aerobic  ATP  levels. 

Considerable  developmental  efforts  have  been  expanded  to 
acquire  the  capabilities  to  measure  0?  consumption  and 
simultaneously  monitor  phosphorylation  potential  in  tubule 
suspensions  and  cultured  cells.  The  department  has  also  developed 
the  capability  to  monitor  intracellular  potentials  and  cell  volume 
simultaneously  as  a  measure  of  functional  response  to  anoxia. 

These  efforts  have  been  undertaken  with  a  view  to  projected  studies 
in  FY  84. 

Basic  Scientific  Research 


Collaborative  efforts  of  Individuals  within  the  Department 
with  others  outside  Department  or  Division  have  resulted  in  several 
basic  scientific  observations  note.  Studies  have  been  carried 
out  in  the  area  of  purine  metabolism  in  malaria  (1#),  cell  volume 
regulation  and  pathways  of  ionic  permeability  (6),  and  basic 
alterations  in  phospholipid  composition  of  membranes  in  response  to 
hormonal  and  metaboMc  stimulation  (?0).  These  lines  of  research 
relate  directly  to  proposed  mission-related  research  in  the  kidneys 
response  to  toxic  and  metabolic  injury. 

Future  Plan  and  Recommendations 


The  Department  plans  to  undertake  a  series  of  studies  of  the 
efforts  of  nephrotoxins  and  anoxia  on  metabolism  and  cell  volume 
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regulation  In  cultured  cello  and  tubule  suspensions  along  with  a 
search  for  markers  of  cell  injury  or  death  in  isolated  cells  and 
tubules.  We  will  then  study  the  ability  of  precursors  of  anerobic 
glycolysis  and  ATP  synthesis  to  reverse  or  block  these  efforts  in- 
vitro.  Agents  which  show  promise  in-vitro  will  then  be  employed 
in-vivo  in  animal  models  of  acute  renal  failure  in  an  attempt  to 
ameliorate  or  reverse  ARF. 
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23((J)  The  gut  lamina  propria  houses  a  variety  of  lymphoid  cells  which  consist  of  IoA 
plasma  cells,  B  cells  and  T  cells.  The  IgA  plasma  cells  produce  antibodies  which  play 
the  major  role  in  Humoral  immunity.  The  functions  of  the  B  and  T  cells  remain  obscure. 
Previously,  we  studied  the  morphology  and  function  of  the  B  and  T  cells.  This  objec¬ 
tive  was  undertaken  to  study  the  ontogenic  relationship  of  the  B  cells  to  the  IgA 
plasma  cells.  There  is  military  relevance  in  this  research. 

2 4(U)  The  8  cells  of  the  gut  lamina  propria  were  passively  transferred  between  Ig 
allotype  congenic  mice  (BAlti/c  and  C8-20).  Migration  and  lodging  of  the  8  cells  and 
their  capability  to  repopulate  the  IgA  plasma  cells  in  the  recipients  gut  lamina 
propria  were  studied  by  flourescent  antibody  microscopy  and  radioactivity  counting  for 
125IUDR  and  51  Cr  labeled  cells. 

82  10  -  83  09 

25{U)  The  B  cells  of  the  gut  lamina  propria  are  capable  of  repopulating  the  IoA  plasma 
cells  in  the  gut  lamina  propria.  The  repopulatinq  cells  are  heterogeneous  in  differen¬ 
tiation  stages  and  migration  properties;  some  are  blasts  and  differentiating  IqA  bear¬ 
ing  cells  while  the  others  are  resting  B  cells.  The  former  cells  migrate  quickly  to 
and  lodge  in  the  gut  lamina  propria.  The  latter  are  recirculating  cells  migrating 
through  the  gut  lamina  propr'a.  The  factors  controlling  the  lodging  and  recirculation 
remain  to  be  solved.  For  technical  report  see  the  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  B3 
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Project  3M161102B510  RESEARCH  ON  MILITARY  DISEASES,  INJURY,  AND 
HEALTH  HAZARDS 

Work  Unit  222  Histopathologic  Manifestation  of  Military  Diseases 
and  injuries 

Investigators: 

Principal:  Jeenan  Tseng,  Ph.O. 

Assistants:  SP5  Mildred  Lopez 

SP4  Michael  Williams 

Description: 

The  humoral  immunity  of  the  intestine  is  mainly  affected  by 
IgA  antibodies  which  are  produced  by  the  plasma  cells  In  the  gut 
lamina  propria.  The  igA  plasma  cells  are  derived  from  precursor 
cells  in  Peyer's  patches  which  are  in  separated  anatomical  sites 
from  gut  lamina  propria.  A  migration,  from  Peyer's  patches  to  the 
out  lamina  propria  appear  to  be  the  source  of  these  IgA  precursor 
cells.  However,  the  migration  route  and  differentiation  events 
occurring  in  the  migration  are  still  obscure. 

Previously,  we  developed  a  lymphocyte  transfer  system  between 
two  inbreed  mouse  strains  congenic  in  immunoglobulin  (Ig)  allo¬ 
types.  Using  the  allotypes  as  the  markers,  we  knew  that  the  IgA 
plasma  cell  precursors  in  Peyer's  patches  migrate  first  to  spleen 
where  they  stay  for  5  days  and  then  to  the  gut  lamina  propria 
where  they  differentiate  into  plasma  cells.  Recently  we  also 
characterized  the  lymphoid  population  in  the  gut  lamina  propria 
and  found  that  B  cell  population  also  have  potential  to  differen¬ 
tiate  into  IgA  plasma  cells.  Research  effort  was  thus  concentrated 
using  the  congenic  cell  transfer  system  and  techniques  of  isolating 
cells  from  the  gut  lamina  propria  to  study  the  migration  and  re¬ 
population  of  B  cells  from  the  gut  lamina  propria. 

Progress : 

I.  Repopulation  Potential 

The  repopulation  potential  of  lymphoid  cells  from  gut  lamina 
propria  was  studied  by  passive  transfer  of  gut  lamina  propria 
lymphoid  cells  between  BALB/c  and  C3-20  mice  (these  two  mouse 
strains  are  congenic  in  Ig  allotypes).  Although  the  lymphoid  cells 
of  the  gut  lamina  propria  are  substantially  less  efficient  than 
lymphoid  cells  of  Peyer's  patcnes  (PP),  they  were  able  to  repopulate 
the  IgA  plasma  cells  in  the  gut  lamina  propria.  The  repopulation 
began  at  day  1,  peaked  at  days  13-15,  and  declined  gradually  there¬ 
after.  When  large  numbers  of  lymphoid  cells  were  transferred,  an 
additional  peak  at  day  3  was  seen.  The  early  appearing  IgA  plasma 
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cells  were  not  seen  in  the  recipients  of  PP  cells  which  were  mainly 
snail  resting  lymphocytes.  Thus,  the  gut  lamina  propria  lymphoid 
cells  responsible  for  the  repopulation  are  heterogeneous  in  differen 
tiation  stages  and  migration  properties.  Further  studies  using 
splenectomized  mice  and  1 2 5| uDR  and  CR-labeled  cells  revealed 
that  the  early  (day  3)  renopulating  cells  were  mainly  IgA  blasts  and 
some  well  differentiated  IgA  precursor  cells  and  the  late  repopulat¬ 
ing  cells  were  mainly  small  resting,  IgA  precursor  cells  which  came 
from  Peyer’s  patches  and  remained  as  resting  or  unchanged  cells 
after  the  migration. 

II.  Ti ssue  Distribution 

Tissun  distribution  of  lymphoid  cells  of  gut  lamina  propria 
after  transfer  was  also  examined.  The  blast  cells  preferentially 
lodged  in  gut  lamina  propria,  while  resting  cells  lodged  in  the 
spleen.  Although  a  substantial  number  of  blasts  also  lodged  in  the 
spleen  shortly  after  transfer,  they  migrated  to  the  gut  lamina 
propria  within  3-5  days.  The  small  resting  lymphocytes  lodging  In 
the  spleen  began  to  migrate  to  the  gut  lamina  at  days  6-7  and 
differentiated  there  into  IgA  olasma  cells.  Some  IgA  cells  and 
blasts  could  be  seen  in  mesenteric  lymph  nodes  13-15  days  after 
transfer,  suggesting,  that  some  3  Cells  of  the  gut  lamina  propria 
recirculate  through  the  gut  lamina  propria  and  differentiate 
during  the  recirculation. 

III.  Conclusion 

The  lymphoid  cells  of  the  gut  lamina  propria  responsible  for 
reoopulating  IgA  plasma  cells  in  the  gut  lamina  propria  are 
hetr *ogeneous  in  di f ferentiation  stages  and  migration  properties. 
These  heterogeneities  suggest  that  IgA  plasma  cell  precursors  of 
Peyer's  patches  differentiate  asynchronously  during  their  migration 
to  the  gut  lamina  propria.  Some  IgA  precursors  may  differentiate 
completely  while  others  remain  undifferentiated  after  arrival  in 
the  gut  lamina  propria.  The  former  cells  become  resident  plasma 
cells.  The  latter  migrate  through  the  gut  lamina  and  recirculate, 
these  cells  may  differentiate  and  lodge  in  the  same  manner  as  the 
di fferentiating  IGA  precursors  seen  in  the  first  journey. 
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(accepted.  Eur.  J.  Immunol.). 

2.  Tseng,  J.,  Migration  and  di fferpntiation  of  Peyer’s  patches  IgA 
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2 3 ( U )  To  study  and  define  the  patholoqy  and  pathoqenesis  of  experinantal  trypanosomiasis 
and  leishmaniasis  and  the  effects  of  other  infectious,  toxic,  and  environmental 
Jbio-hazards  in  a  variety  of  animal  hosts.  Initiate  and  provide  patholoqic  studies 
(needed  to  prevent/control  diseases  and  conditions  that  impact  on  quality  assurance  of 
the  WRAIR-reared  and  purchased  laboratory  animals.  Provide  diaanostic  pathology  for 
animals  acauiring  natural  diseases  and  deaths  durinq  quarantine  or  colonization  at  the 
WRAIR.  Provide  clinical  patholoqy  and  histopatholoqy  support  to  the  WRAIR  and  other 
eligible  government  agencies.  All  projects  are  qcnerated  from  approved  protocols  and 
aro  related  to  military  medical  problems. 
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Jri  i  stochemi stry ,  immunohi stochemi  stry ,  and  electron  microscopy  techniques. 
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Project:  3M161102BS10  RESEARCH  ON  MILITARY  DISEASES, 

INJURY  AND  HEALTH  HAZARDS. 

Work  Unit  223  Patholoqic  Manifestations  of  Zoonotic  Diseases  of 
Military  Importance. 

I 

Investigators : 

Principal:  Kevin  P.  Keenan,  D.V.M. ,  Ph.D. ,  MAJ,  VC 
Gary  L.  Andersen,  D.V.M.,  M.S.,  MAJ,  VC 
Charlotte  M.  Keenan,  V.M.D.,  CPT,  VC 

Associate:  Richard  E.  Long,  D.V.M. ,  CPT(P),  VC 

Charles  G.  Clifford,  D.V.M.,  CPT(P),  VC 
Robert  E.  Hunt,  D.V.M.,  CPT(P),  VC 
Isaac  J.  Hayward,  D.V.M.,  CPT,  VC 

Description: 

To  diagnose,  define,  investigate  and  compare  known  and 
potential  diseases  common  to  man  and  animal,  particularly  those 
of  military  significance.  To  devisa  and  evaluate  means  for 
precise  diagnosis,  control  and/or  prevention  of  inf lammation 
and  tissue  injury  induced  by  these  diseases.  To  develop  new 
animal  models  for  the  study  of  human  diseases.  A  major  effort 
has  been  directed  toward  defining  the  pathogenesis  and  fundamental 
mechanistic  events  operative  at  the  cellular  and  subcellular 
levels  during  the  induction  of  tissue  injury.  Studies  have  applied 
methods  of  microscooic  oathology,  histopathology ,  clinical 
pathology,  ultrastructural  pathology,  histochemistry,  and  imuno- 
histochemistry. 

Progress : 

i 

Progress  in  original  and  collaborative  studies  is  presented 
be  1 ow : 

I.  Studies  on  Tracheal  and  Bronchial  Injury. 

A.  Results  obtained  in  conjunction  with  onooina  investigations 
of  the  potential  effects  of  free  field  artillery  blasts  on  operator 
personnel  have  revealed  new  concepts  in  the  cytodvnamics  of  respi¬ 
ratory  epithelial  repair.  Epithelial  regeneration  is  a  basic 
response  to  injury  and  precise  definition  of  this  process  is  funda¬ 
mental  to  our  understanding  of  development  processes,  to  mainte¬ 
nance  of  the  adult  state,  and  to  many  oatholoqical  processes 
including  mechanical.,  toxicological  and  infectious  respiratory 
injury.  An  unders tand i ng  of  the  prol iterative  capabilities  of 
epithelial  cells,  appreciation  c f  the  wide  spectrum  of  phenotypic 
modulations  and  pathways  of  diff erentiation ,  and  determination 
of  the  origins  of  nascent  cells  during  the  regenerative  process, 
have  widespread  significance  and  implication  in  pathology. 


Ill 


All  stages  of  regeneration  in  hamster  tracheal  epithelium 
were  studied  following  a  denuding  mechanical  injury.  At  1  h  all 
the  cells  had  sloughed  from  the  wound  site  leaving  a  bare  and 
sometimes  disrupted  basal  lamina.  Viable  cells  at  the  wound 
margins  rapidiy  changed  shape,  flattened  and  migrated  to  cover 
the  denuded  lesion  by  12  h.  In  addition,  epithelial  cells  that 
remained  viable  demonstrated  sublethal  changes  that  included  the 
rapid  discharge  of  mucous  granules  from  secretory  cells,  inter¬ 
nalization  of  cilia  by  ciliated  cells  and  evidence  of  heterophaqy 
in  both  cell  types. 

By  24  h  a  wave  of  epithelial  cell  divisions  occurred, 
primarily  by  secretory  cells.  This  produced  a  multilayered 
epidermoid  metaplasia  that  was  best  developed  at  48  h.  The 
metaplastic  epithelium  was  largely  composed  of  cells  with  both 
secretory  (mucous  granules)  and  epidermoid  ( tonofi lament  bundles 
and  numerous  desmosomes)  characteristics.  The  peroxidase-anti¬ 
peroxidase  (PAP)  method  demonstrated  a  few  keratin-positive  cells 
in  the  wound  as  early  as  12  h  post-wounding  and  keratin  was 
demonstrated  in  more  cells  by  24  h.  All  cells  in  the  metaplastic 
wound  epithelium  we^e  keratin-positive  by  48  h. 

following  48  h  some  of  the  most  superficial  keratinized  cells 
sloughed  from  the  epithelium  and  the  keratin  content  of  the  re¬ 
maining  cells  began  to  decline.  At  72  h  pre-ciliated  and  pre- 
secretory  cells  were  seen  in  the  wound.  Pre-ciliated  cells  were 
characterized  by  an  abundant  electronlucent  cytoplasm,  large 
pale  nucleus,  filiform  apical  microvilli  and  evidence  of  cilio- 
genesis,  similar  to  that  seen  during  fetal  development.  Pre- 
ciliated  cells  often  contained  apical  mucous  granules,  apparently 
carried  over  from  the  parent  secretory  cells.  With  the  appear¬ 
ance  of  these  columnar  cells  the  normal  mucociliary  morphology 
was  restored  in  small  wounds  by  120  h,  but  some  persistent 
epidermoid  metaplasia  remained  in  the  larqe  wounds  through  168  h 
post  wounding. 

These  data  provide  further  evidence  for  the  important  role 
of  secretory  cells  in  the  histogenesis  of  epidermoid  metaplasia 
and  the  regeneration  of  normal  morphology  following  Injury.  The 
knowledge  qained  from  these  studies  provides  a  firmer  basis  for 
the  understanding  of  the  histogenesis  of  other  lesions  observed 
in  the  tracheobronchia 1  epithelium. 

8.  In  order  to  learn  more  about  the  respective  roles  played 
by  basal  cells  and  mucous  cells  in  maintenance  of  tracheal  muco¬ 
ciliary  epithelium,  cell  kinetics  and  epithelial  cell  morphology 
were  cnaracterized  over  a  7-day  period,  during  which  dietary 
vitamin  A  was  restored  to  previously  deprived  hamsters.  Hamsters 
were  reared  from  birth  to  35  days  of  age  on  vitamin  A-replete  or 
deficient  diets.  Deprived  hamsters  were  made  replete  by  5  mg 


vitamin  A-acetate  orally,  plus  a  vitamin  A-replete  diet. 

Colchicine  and  ^HTdR  were  given  6  hours  before  death.  The  numbers 
of  basal  cells,  mucous  cells,  preciliated  cells  and  ciliated  cells, 
and  mitotic  rates  (HR)  and  labeling  indices  (Ll)  of  basal  cells 
and  mucous  cells,  were  quantified  in  glycol  methacrylate  sections 
stained  with  PAS-lead  hematoxylin. 

Vitamin  A-depri vation  inhibited  replication  of  basal  cells 
and  mucous  cells  in  tracheal  epithelium  which  showed  minimal 
morphologic  change.  The  proportion  of  basal  cells  was  increased 
and  proportions  of  mucous,  preciliated  and  ciliated  cells  were 
decreased.  Following  restoration  of  vitamin  A  to  the  diet,  basal 
cell  HR  remained  below  control  level  throughout  the  experimental 
period,  but  mucous  cell  MR  started  to  rise  on  day  2-replete,  and 
on  day  3-replete  and  thereafter  mucous  cell  MR  was  within  control 
range.  Basal  cell  and  mucous  cell  Li’s  showed  similar  trends. 
Preciliated  cells  were  reduced  or  absent  in  vitamin  A-deprived 
epithelium.  Their  number  had  risen  by  day  3-replete  and  there¬ 
after  they  were  generated  within  control  ranae.  These  cells 
matured  into  ciliated  cells.  By  day  4-replete,  the  proportion 
of  lasal  cells  had  decreased  markedly  and  proportions  of  mucous 
cells,  and  of  preciliated  plus  ciliated  cells  had  increased,  so 
that  at  this  time  cellular  proportionswere  within  or  near 
control  values.  This  trend  continued  so  that  by  day  7-replete, 
nearly  normal  mucociliary  epithelium  was  restored.  The  results 
show  that  vitamin  A-levels  modulate  replication  rates  of  basal 
cells  and  mucous  cells  and  indicate  that  mitotic  division  of  mucous 
cells  is  prerequisite  for  genesis  of  preciliated  cells  and  new 
mucous  cells  and  for  restoration  of  the  mucociliary  epithelium 
following  deprivation  of  vitamin  A  in  the  diet.  The  effects  of 
vitamin  A-depri vation  on  the  tracheal  epithelium  were  studied  in  35- 
day  old  hamsters  that  had  been  raised  since  birth  on  a  vitamin  A- 
deficient  diet.  ColcMcine  and  3nTdR  were  given  6  hours  before 
death  and  the  proliferative  activities  of  basal  cells  and  mucous 
cells  were  quantified  separately  by  ^HTdR  labeling  indices  and 
mitotic  rates. 

Vitamin  A-depri vation  inhibited  replication  of  basal  cells  and 
mucous  cells  in  tracheal  epitfelijm  '-.iich  shewed  minimal  morphologic 
change.  The  mitotic  rates  dnu  iaoeling  indices  were  reduced  3  to  4- 
fold  in  basal  cells  and  14-fold  in  mucous  cells  (analyred  as  percent 
of  total  number  of  each  cell  type)  compared  with  controls.  Thus, 
replication  of  mucous  cells  was  more  inhibited  by  lack  of  vitamin  A, 
than  replication  of  basal  cells.  The  disparate  hypoplasia  of  basal 
cells  and  mucous  cells  In  epithelium  showing  minimal  change, 
resulted  in  a  relative  increase  in  the  proportion  of  basal  cells 
and  a  relative  decrease  in  the  proportion  of  mucous  cells,  which 
could  be  erroneously  interpreted  as  "basal  cell  hyperplasia". 
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Proportions  of  preciliated  and  ciliated  cells  were  also  decreased 
compared  to  controls.  At  foci  of  stratification  and  epidermoid 
metaplasia,  cell  replication  rates  were  increased  over  controls 
and  more  than  70°I  of  all  mitotic  activity  was  associated  with 
"non-basal"  cells.  Genesis  of  these  lesions  was  coincident  with 
cell  death  and  cell  loss.  The  histogenesis  of  stratification 
and  epidermoid  metaplasia  was  characterized.  Morphological  evi¬ 
dence  indicated  that  these  lesions  were  closely  related  histo- 
genetically  and  were  composed,  for  the  most  part,  of  altered 
mucous  cells  which  expressed  dual  phenotypes  i .e.  keratinization 
and  mucous  synthesis. 

II.  Studies  on  Shigella  dysenteriae  I  enterotoxin  on  the 

morphology  of  the  rabbTFTl eum. 

Collaborative  study  with  the  Dept.  Bacterial  Diseases, 
Division  of  Communicable  Disease  and  Immunology.  The  effects  of 
crude  and  purified  Shijjejla  dysenteriae  I  enterotoxin  at  different 
doses  on  the  morphology  oT  the  intestinal  mucosa  in  the  rabbit 
ileal  loop  models  are  being  studied.  Light  microscopy  and  histo¬ 
chemistry  studies  are  ongoing  and  transmission  and  scanning 
electron  microscopy  studies  have  been  initiated.  Present  findings 
indicate  a  dose  dependent  response  of  the  ileal  mucosa  to  both 
crude  and  purified  enterotoxin  preparations.  Initial  results 
suggest  that  direct  cytotoxic  damaoe  to  the  absorptive  eoithelial 
cells  covering  the  intestinal  villus  is  the  first  event  in  the 
pathogenesis  of  the  enterotoxins  action.  This  results  in  slough¬ 
ing  of  the  absorptive  epithelium,  areas  of  nicroulceration, 
reduction  of  the  villous  length  (villous  atrophy)  and  thus  a 
reduction  of  the  absorptive  surface  area.  In  contrast  to  the 
villous  epithelium,  the  undifferentiated  crypt  epithelium  becomes 
extremely  hyperplastic  and  this  cell  population  rapidly  expands 
to  repai r  and  rebui Id  the  atrophic  villi.  The  initial  lesions  of 
villous  atrophy  and  crypt  hyperplasia  suggest  a  functional  deficit 
leading  to  malabsorption.  ,  However,  since  the  crypt  enterocytes 
have  secretory  as  well  as  prol iferative  capabilities,  it  appears 
likely  that  the  overall  mechanism  of  diarrhea  and  fluid  production 
is  the  result  of  a  net  secretion  from  the  hyperplastic  crypts 
overcoming  the  absorptive  ability  of  the  atrophic  villi. 

U1 trastructural  studies  confirm  the  above  observations.  The 
villus  epithelium  is  more  rapidly  lost  from  the  villus  and 
contain  sublethal  changes  as  early  as  two  hours  Dost-exposure  to 
the  enterotoxin.  The  main  subcellular  chanoe  observed  is  auto- 
phagocytosis  with  digestion  of  cell  organelles  within  cytoplasmic 
vacuoles.  This  suggests  an  ul trastructural  organelle  or  organ- 
elles  as  the  target  of  the  enterotoxin.  Studies  are  underway 
to  identify  the  target(s)  and  describe  the  ul trastructural 
sequence  of  all  damage. 
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III.  Studies  on  the  Effects  of  Shigella  dysenteriae  1-1  ike 
enterotoxin  produced  by  Escherichia  col i . 


Collaborative  study  with  Dept.  Bacterial  Diseases,  Division 
of  Communicable  Disease  and  Immunology.  Work  has  been  initiated 
to  study  the  effects  of  a  shiga-like  toxin  isolated  and  purified 
from  an  enteropathogenic  Escherichia  col i  on  tne  small  intestin- 
ial  epithelium  in  the  rabbit  ileal  loop  model. 

Light  and  Electron  microscopy  studies  ar  ongoing  and  initial 
observations  indicate  that  the  morphological  effects  of  this  enter¬ 
otoxin  are  identical  to  those  of  Shigel la  dysenteriae  I  enterotoxin 
Direct  cytotoxic  damage  to  the  absorptive  villus  epithelium  with 
accelerated  cell  loss  and  subcellular  changes  including  autophago- 
cytosis  have  been  observed;  along  with  crypt  epithelial  hyperplasia 
These  observations  suggest  the  toxin  acts  by  a  mechanism  similar  to 
the  Shiga  toxin. 

IV.  Pathology  in  C57BL/ Jb  Mice  Infected  with  Trypanosoma 

rhodes iense . 

Collaborative  study  with  the  Department  of  Immunology,  WRAIR. 
There  is  a  need  for  a  practical  laboratory  animal  model  for  the 
study  of  chronic  trypanosomiasis.  The  infection  of  Trypanosoma 
rhodes [ense  in  laboratory  rats  and  mice  generally  leads  to  an 
acute  fataT  disease  without  the  development  of  the  chronic  disease 
or  cerebral  lesions  so  much  a  feature  of  the  disease  in  man.  In 
recent  years  there  have  been  some  reports  of  chronic  trpanosomia- 
sis  with  cerebral  lesions  in  mice  infected  with  T.  equiperdum  and 
I-  bruce_i.  However,  a  rodent  model  for  the  study  of  chronic 
trypanosomiasis  caused  by  T.  rhodesiense  is  still  lacking. 

Initial  studies  in  our  laboratories  indicated  that  a  chronic 
infection  of  trypanosomiasis  with  significant  cerebral  lesions 
could  be  produced  in  C57BL/ Jb  mice  infected  with  a  human  strain 
of  T.  rhodesiense.  These  findings  led  to  a  more  detailed  study. 

One  hundred  and  nineteen  (119)  mice  were  inoculated  intraperi ton- 
eally  (IP)  with  10^  T.  rhodesiense  strain  ZVH  18A9.  The  mice 
were  sequentially  killed  every  two  weeks  PI  with  the  last 
surviving  infected  mice  killed  at  147  days  PI.  The  infected 
mice  became  anemic,  hypoglycemic,  hypergammagl obul inemic  (with 
IgM  greatly  increased)  and  hypoa 1 buminemic .  Immunofluorescence 
studies  of  the  kidneys  suggested  an  immune  complex  glomeruloneph¬ 
ritis.  Lesions  histologically  similar  to  those  described  in 
chronic  trpanosomiasis  in  man  were  found  in  the  brain,  spleen, 
lymph  nodes,  liver,  heart,  kidney,  pancreas,  and  epididymis.  Data 
on  parasitology,  immunology  and  pathology  are  being  compiled.  An 
additional  forty  (40)  mice  have  been  studied  by  liqht  and  electron 
microscopy  to  determine  additional  details  of  the  morphology  of 
the  changes  in  the  kidneys  and  brain.  Changes  in  the  kidney, 
particularly  the  glomerulus  do  not  persist  and  evidence  of  chronic 
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immune  complex  glomerulonephritis  were  not  observed  in  chronically 
infected  mice.  However,  progressive  changes  were  observed  in  the 
brains  of  C57BL/Jb  mice  chronically  infected  with  T.  rhodesiense. 
The  changes  are  most  evident  in  the  choroid  plexus  and  periventr¬ 
icular  cerebral  cortex.  Extensive  inflammatory  cell  infiltrates 
were  seen  in  the  brains  of  all  chronically  infected  mice.  The 
ul trastructura 1  details  of  these  changes  are  presently  being  docu¬ 
mented. 

The  morphological ,  hematological,  serological  and  immuno¬ 
logical  results  plus  the  duration  of  the  infection  indicates  that 
the  C57BL/Jb  mouse  infected  with  this  strain  of  T.  rhodesiense 
makes  an  excellent  model  for  the  study  of  chronic  cerebral 
trypanosomiasis. 

V.  The  Use  of  the  German  Shepherd  Dog  as  an  Experimental  Model 
for  Visceral  Leishmaniasis. 

Collaborative  study  with  the  Department  of  Parasitic 
Diseases,  WRAI R.  Visceral  leishmaniasis  of  man  and  dogs  is  a 
disease  that  is  widely  distributed  geographically.  It  is  enaemic 
in  many  areas  and  extensive  epidemics  can  occur  with  mortality 
reaching  987  in  untreated  cases.  There  is  an  increasing  aware¬ 
ness  of  the  risk  of  exposure  to  infection  in  military  units 
operating  in  many  parts  of  the  world.  Treatment  with  the  current¬ 
ly  available  drugs  is  prolonged  and  by  no  means  entirely  safe  or 
uniformly  successful.  While  the  hamster  model  has  been  used 
successfully  for  screening  of  new  antileishmanial  compounds, 
additional  nonrodent  models  should  be  developed.  Experimental 
infection  in  the  dog  (Beagles  and  Mongrels)  has  either  been 
equivocal  or  incompletely  evaluated.  It  was  the  objective  of 
this  preliminary  study  to  determine  if  the  German  Shepherd  dog 
might  prove  to  be  an  animal  model  that  would  develop  a  uniform 
infection  which  when  characterized  clinically  and  pathologically 
would  be  similar  to  the  infection  in  man. 

In  this  preliminary  study  six  young  German  Shepherd  dogs 
were  used  as  experimental  animal s-three  were  infected  with 
1.7  x  108/ kg  of  Leishmania  chagasi  and  three  were  infected  with 
2.0  x  10®/ kg  of  Leishmania  donovani .  All  dogs  became  infected 
and  remained  infected  throughout  the  study.  This  was  substan¬ 
tiated  by  periodic  cultures  of  bone  marrow  aspirates.  Infected 
animals  did  not  show  the  weight  gain  expected  for  dogs  of 
comparable  size  and  age.  Several  dogs  exhibited  splenomegaly 
and  lymphadenopathy  by  day  41  post  infection.  The  three  dogs 
infected  with  l.  donovani  also  developed  dermatitis  associated 
wit';  demodectic  mange.  Funduscopic  examinations  were  done 
per  odically  and  were  unremarkable.  Evaluation  of  the  clinical 
patiology  data  revealed  a  mild  to  moderate  anemia,  elevated 
sedimentation  rate,  elevated  total  protein,  hypergammaglobulinemia. 
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and  hypoalbuminemia.  Whole  blood  tryptophan  levels  were  decreased. 
The  histopathology  of  the  lymph  nodes  and  spleens  was  characterized 
by  follicular  hyperplasia,  plasmacytosis,  and  proliferation  of 
macrophages  in  paracortical  areas  and  medullary  cords  of  lymph 
nodes  and  prol iferation  of  macrophages  in  red  and  white  pulp  of 
the  spleens.  Clusters  of  parasitized  macrophages  were  present  in 
other  organs,  including  liver,  tonsils,  bone  marrow,  intestine, 
and  lung.  The  cl inicopathologic  findings  are  consistent  with 
those  observed  in  human  visceral  leishmaniasis.  Two  manuscripts 
have  been  accepted  for  publication. 

VI.  Pathologic  and  Cl inicopathologic  Evaluation  of  the  Owl  Monkey 

(Aotus  trivirgatus)  as  a  Model  of  Hepatitis  A. 

Collaborative  study  with  the  Department  of  Virology,  WRAIR. 
Hepatitis  A  (HAV),  hepatitis  B  and  non-A,  non-B  hepatitis  viruses 
are  not  readily  propagated  in  yjtro  and  have  very  limited  non¬ 
human  animal  hosts.  Laboratory  animals  are  needed  for  virus 
production,  infectivity  detection  and  assay,  studies  of  virus 
transmission,  pathogenesis  of  disease  and  immune  responses.  In 
1979  and  1980,  Aotus  tri vi rgafus  at  WRAIR  and  newly  captured 
monkeys  in  Panama  were  found  to  be  seropositive  for  HAV.  These 
findings  provide  suggestive  evidence  that  Aotus  monkeys  may  be 
susceptible  to  Infection  with  HAV. 

The  objective  of  this  initial  experimental  was  to  confirm 
the  susceptibility  of  Aotus  monkeys  to  HAV  and  to  record  the 
clinical,  viral,  pathological,  and  serological  response  to 
experimental  infection.  Six  seronegative,  colony-bred  monkeys 
were  inoculated  intravenously  with  a  fecal  suspension  of  PA33 
strain  hepatitis  A  virus,  recovered  previously  from  a  naturally 
infected  Aotus  in  Panama.  Six  to  17  days  after  inoculation, 
viral  antTgen  was  shed  in  the  feces  of  all  monkeys,  and  four  to 
eight  days  later,  serum  aminotransferase  activities  became 
significantly  elevated  in  each.  Liver  biopsies  obtained  16  to 
24  days  after  inoculation  demonstrated  mild  to  moderate  histo¬ 
pathologic  changes  including  portal  region.  Antibody  to  virus 
developed  in  each  monkey  by  28  days  after  inoculation. 

Six  additional  monkeys  were  inoculated  i.v.  with  a  fecal 
suspension  from  an  infected  human  (HM-175).  Findings  similar 
to  those  seen  In  monkeys  infected  with  the  PA-33  strain  were 
observed,  although  the  inoculation  period  preceding  aminotrans¬ 
ferase  elevations  was  somewhat  longer  (25  to  39  days).  These 
data  confirm  the  susceptibility  of  Aotus  to  hepatitis  A  virus 
and  indicated  that  infection  of  this  primate  provides  a  useful 
animal  model  of  human  hepatitis  A.  The  details  of  the  results 
of  these  experiments  are  presented  in  two  manuscripts. 
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VII.  Toxicity  of  Formycin  B  in  Hamsters. 

Collaborative  study  with  the  Department  of  Parasitology, 

4RAI R .  The  treatment  of  choice  for  leishmaniasis  is  pentavalent 
kntimony;  antimony  failures  are  treated  with  pentamidine  or  with 
Amphotericin  B.  Lack  of  knowledge  of  the  mechanism  of  action  of 
antimony,  and  of  pentamidine,  has  not  permitted  development  of 
derivatives  of  these  drugs  as  new  anti  leishmanial  agents.  Rather, 
the  antileishmanial  efficacy  of  experimental  agents  such  as  purine 
analogues  are  being  investigated.  Formycin  B,  an  inosine  analogue, 
has  proven  to  be  an  attractive  anti  lei shmanial  agent.  Formycin  B 
is  100  times  more  active  than  antimony  or  allopurinol  ijn  vitro  and 
a  dose  of  100  MKD  IM  for  3  days  eliminates  90,  of  L.  donovani  from 
hamsters  (0=0.46).  At  least  3  ourine  synthetic  enzymes  are 
(inhibited  by  this  drug.  Formycin  B  is  therefore  an  attractive 
'experimental  agent  because  it  is  active  in^  vi tro  and  in  vivo, 

(and  its  mechanisms  of  action  have  been  significantly  elucidated. 

Four  hamsters  were  administered  Formycin  B  in  1  ml  H2O  P.0, 
jeach  day  for  4  days  at  the  EDqq  and  at  4  times  the  EDqq.  Four 
(control  hamsters  were  administered  1  ml  H2O  P.0,  for  4  days.  On 
jthe  4th  day,  the  hamsters  were  anesthetized  and  exsanguinated. 
jHamster  blood  was  analyzed  to  include  a  complete  blood  count, 
jliver  function  tests  (SG0T,  SGPT,  total  bilirubin),  kidney 
[function  tests  (BUN,  creatinine,  phosphate,  calcium,  total 
(protein,  albumin),  electrolytes  (Na,  K,  Cl),  glucose,  alkaline 
I  phosphatase,  CPK,  and  uric  acid.  Because  of  the  possible  effect 
of  Formycin  B  on  nucleic  acid  synthesis  in  rapidly  dividing  cells, 

! hi stopathology  of  the  hemolyphatic  system  (thymus,  spleen,  bone 
(marrow,  lymph  node)  and  liver  was  performed.  The  broad  range  of 
(laboratory  and  pathologic  studies  were  done  because,  except  for 
| an  anecdotal  report  of  leukopenia  in  dogs,  the  side  effects  of 
Formycin  B  are  unknown. 

1 

Mild  cytoplasmic  vacuolization  of  hepatocytes  was  observed 
i  in  3  of  4  control  animals,  in  3  low-dcse  Formycin  B  animals  and 
| in  3  high-dose  Formycin  B  animals.  Livers  of  the  fourth  low-dcse 
Formycin  B  and  high-dose  Formycin  B  animals  exhibited  moderate 
(vacuolization.  There  was  no  demonstrable  necrosis  of  parenchymal 
cells  or  evidence  of  cholestasis.  There  were  no  lesions  noted  in 
the  spleen,  lymph  nodes  and  thymus  of  Formycin  B  treated  animals, 
j  The  myeloid/erythroid  ratio  showed  normal  maturation.  Analysis  of 
j  the  CBC  revealed  an  11*  increase  in  hemoglobin  in  the  Formycin  B 
i  treated  animals.  Alkaline  phosphatase  levels  were  higher  in  both 
!  treated  groups  than  in  the  controls.  Total  bilirubin  levels  were 
|  significantly  elevated  in  both  treated  groups  to  a  level  approx- 
i  imately  twice  that  of  controls.  The  levels  of  glucose,  BUN, 
albumin,  globulin,  total  protein,  cholesterol  and  triglycerides 
i  were  significantly  decreased  in  the  high-dose  Formycin  B  group. 
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In  addition  there  was  a  dose  related  weight  loss.  The  in  vivo 
efficacy  and  mild  acute  toxicity  of  this  compound  in  hamsters  are 
sufficiently  encouraging  to  suggest  further  evaluation  of  oral 
administration  of  Fonmycin  B  be  performed.  The  results  of  this 
study  have  been  published  in  the  journal  of  Experimental 
Parasi to  logy. 

VIII.  Tumorigenesis  of  N-Butyl  Cyanoacrylate  in  Rats. 

Collaborative  study  with  the  Division  of  Surgery.  N-butyl 
cyanoacrylate,  a  tissue  adhesive,  was  injected  subcutaneously  in 
approximately  160  rats  to  determine  the  tumorigenesis  of  this 
agent.  Treatment  groups  included  those  injected  with  either 
0.4  ml  or  0.1  ml  of  the  cyanoacrylate.  Control  rats  were  injected 
with  either  0.4  ml  or  0.1  ml  normal  saline.  The  rats  were 
injected  on  3-4  June  1982  for  a  2  year  chronic  study.  To  date, 

94  rats  have  either  been  killed  or  died.  Twenty  three  (23)  of 
these  rats  had  been  injecteo  with  0.4  ml  of  cyanoacrylate  and,  of 
this  group,  six  (6)  had  mal'gnant  fibrous  histiocytomas  invoi  .ng 
the  subcutaneous  injection  site  on  the  neck.  Thirty  (30)  received 
0.1  ml  of  cyanoacrylate  and,  of  these,  five  (5)  had  malignant 
fibrous  histiocytomas  of  the  subcutaneous  injection  site  on  the 
neck.  The  tumors  were  limited  to  the  subcutaneous  tissue  in  all 
cases.  The  remaining  41  rats  received  normal  saline  and  did  not 
develop  tumors.  Most  rats  died  from  either  bacterial  or  mycoplas¬ 
mal  pneumonia.  The  study  is  ongoing. 

IX  Assessment  of  the  Passage  of  Candidate  Antitrypanosomal  Drugs 
Through  the  Blood-Brain  Barrier  of  Inbred  Mouse  and  Rabbit 
Models. 


Collaborative  study  with  the  Department  of  Experimental 
Therapeutics.  Eight  groups  of  mice  (C57BL/C)  consisting  of  five 
mice  per  group  were  inoculated  with  1  x  10$  trypanosomes.  Six 
groups  received  anti  trypanosoma!  drugs  and  two  groups  received 
water  or  propylene  glycol.  The  treatments  were  as  follows: 

GROUP (S)  TREATMENT 

Suramin 
Pentamidine 
Melarsoprol 
Water 

Propylene  Glycol 


1  and  2 
3  and  4 
5  and  6 

7 

8 


Treatment  groups  were  evaluated  by  quantifying  inflammatory 
infiltrates  within  the  brain.  Suramin  was  effective  as  an  anti¬ 
trypanosomal  drug  as  evidenced  by  the  lack  of  significant  histo¬ 
logical  lesions  noted  in  the  brains  of  mice  receiving  this 
treatment.  Pentamidine  was  more  protective  than  melarsoprol,  but 
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less  protective  than  suramin  based  on  the  number  of  brains 
containing  inflammatory  cellular  infiltrates.  The  mice  treated 
with  water  or  propylene  glycol  were  not  protected.  This  project 
was  completed  to  the  satisfaction  of  the  principal  investigator. 

X.  Acute  Renal  Failure:  The  renal  effects  of  the  intravenous 

administration  of  myoglobin  and  theinhibition  of  prostaglandin 

synthesis  during  hemorrhagic  hypotension  in  the  rat. 

Collaborative  study  with  the  Department  of  Neohroloay,  WRAIR. 
Post  traumatic  renal  insufficiency  associated  with  myoglobinuria 
is  a  common  complication  of  traumatic  injuries.  Such  injuries 
expected  in  the  military  might  include  gunshot  or  shraonel  wounds, 
crushing  injuries,  exertional  rhabdomyolysis,  hyperthermia  and 
misuse  of  tourniquets.  Although  many  factors  have  been  proposed 
as  the  primary  factor  responsible  for  renal  injury,  renal 
ischemia,  heme  pigments  (myoglobin,  hemoglobin),  acid  urine,  and 
prostaglandin  inhibition  may  contribute  to  renal  failure. 

The  objective  of  this  experiment  is  to  develop  a  reproducible 
myoglobinuric  model  of  acute  '•enal  failure  in  moderately 
dehydrated,  aciduric,  and  pros tagl andin-inhi bi ted  rats  by  the 
intravenous  infusion  of  purified  equine  myglobin  during  a  period 
of  hemorrhagic  hypotension.  The  test  animals  consist  of  300-350 
gram  (body  weight),  male,  Sprague-Oawley  rats  which  are  divided 
in  7  groups,  one  of  which  represents  a  control  group.  The  other 
groups  consist  of  a  hemorrhage  group,  hemorrhage  plus  hyoglobin, 
hemorrhage  plus  prostaglandin  inhibitor  (P6I),  hemorrhage  plus 
myoglobin  and  PGI,  myoglobin  alone  and  PGI  alone.  This  study  is 
currently  in  progress  and  sections  prepared  from  each  kidney  will 
be  examined  by  light  microscopy. 

XI.  Care  of  Blast-Injured  Casualties. 

Collaborative  study  with  the  Division  of  Surgery. 

Compilation  of  data  from  a  pilot  study  performed  in  late  FY  82 
exploring  porcine-ovine  interspecies  pathomorphologic  blase 
response  parameters  has  been  completed.  Results  suggest  a 
greater  operational  suitability  for  the  porcine  as  a  model  of 
blast-induced  gastrointestina 1  injury  to  select  and  refine  both 
diagnostic  and  therapeutic  modolities.  The  successive  program 
phase,  developing  appropriate  methodology  to  monitor  serum 
biochemical  parameters,  followed  by  field  testing  after  blast 
exposure,  is  in  final  developmental  stages.  A  film,  summarizing 
the  potential  threat  of  primary  blast  injury  and  medical  research 
efforts  up  to  the  present,  has  been  produced  in  collaboration  with 
the  Division  of  Medical  Audiovisual  Service. 
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XII.  Assess  lent  of  Local  Tolerance  to  Parenteral  Administration 
of  Var ous  Salts  of  the  Candidate  Antitrypanosomal  Compound 
(WR-1 i.,  577)  in  Calves. 

Collat 'rati ve  study  with  the  Department  of  Parasitology, 
WRAIR.  WR-  63,  577  is  a  bisquinalone  with  antitrypansomal 
activity  wi  ch  has  been  shown  to  protect  mice  against  Trypanosoma 
rhodesienst  challenge  for  at  least  10  months  after  one  suocutan- 
eous  injecion.  In  clinical  trials  in  man,  local  reactions 
developed  et  the  sites  of  Injection  of  the  dihydrochloride  salt 
of  the  comp.-jnd  and  the  trials  were  stopped.  In  mouse  studies, 
of  numerous  salts  of  the  compound  assessed  for  local  and  systemic 
toxicity,  tie  dihydrochloride,  acetate,  and  nitrate  salts  were 
found  to  br  the  least  toxic.  In  this  study  designed  by  the 
Department  if  Parasi tology ,  the  dihydrochloride,  acetate,  and 
nitrate  sflts  were  injected  subcutaneously  and  intramuscularly 
in  calves  at  a  dosage  of  25  and  50  mq/kg  body  weight  to  assess 
the  local  ind  possibly  systemic  toxicity.  Injection  sites  v/ere 
observed  liily  for  approximately  30  days  post  injection.  The 
calves  wen  then  killed  and  the  injection  sites  were  dissected, 
examined,  ind  measured.  In  subcutaneous  sites  the  salt  residues 
were  indntinquishable  from  each  other  and  were  easily  recognized 
as  flatt'ned,  irregular  islands  and  cords  of  bright  yellow,  dry, 
crumbly,  and  flaky  material. 

Th  areas  involved  were  approximately  10-20  cm  in  diameter 
and  inv.'lved  the  subcutaneous  fascial  planes.  There  appeared  to 
be  miirmal  absorption  of  the  material  and  the  quantity  found 
genera  ly  corresponded  to  the  dosage  injected.  There  was  minimal 
connect ve  tissue  response.  Moderate  edema  surrounded  the  nitrate 
salt  r?sidue. 

Ir tram.iscular  injection  sites  contained  identical  material 
in  facial  planes  dissecting  between  muscle  bundles.  Little 
tissue  reaction  was  noted.  Because  of  the  apparently  minimal 
absorp;ion  of  the  compound  injected  intramuscularly,  there  will 
be  significant  loss  of  muscle  tissue  from  condemnation  at 
slaughter.  This  route  of  administration,  therefore,  appears 
less  oesirable  then  subcutaneous  injection. 

Additional  calves  were  Injected  subcutaneously  with  100  mg/kg 
body  weight  of  each  salt,  observed  for  30  days,  and  killed.  A 
large  sterile  abscess  containing  approximately  400  ml  of  sero- 
sanguinous  fluid  was  found  around  the  nitrate  salt.  The  acetate 
and  di hydrochloride  salts  were  surrounded  by  smaller  abscesses 
with  approximately  40  ml  of  fluid  each  of  which  contained 
Staphylococcus  aureus. 

The  histologic  appearance  of  all  injection  sites  at  all  dose 
levels  were  essentially  the  same.  Granulomas,  granulomatous 
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inflammation,  necrosis,  fibrosis  and  aggregates  of  lymphoid  tissue 
were  present  to  varying  degrees.  The  only  possibly  significant 
difference  in  the  reactions  appears  to  be  with  the  subcutaneous 
method  of  Injection.  In  this  instance  the  compound  is  not  as  well 
contained  by  the  host  response  as  in  the  intramuscular  injection 
sites.  In  reference  to  severity  the  reactions  ranged  from  mild  to 
severe  depending  more  or  tie  variability  of  the  sections  at  any  one 
injection  site  than  on  any  difference^  between  the  compounds, 
dosages  or  location  of  injection. 

Major  microscopic  findings  in  other  organs  included 
necrotizing  hepatitis,  the  cause  of  which  could  not  be  readily 
determined.  Additional  studies  would  be  required  to  determine 
whether  necrotizing  hepatitis  was  related  to  the  administration 
of  the  experimental  compounds. 

XIII.  Study  of  Gastric  Emptying  by  use  of  99mTc-Tagged  Chicken 
Liver  as  a  Marker  of  Solid  Food  in  Patients  with  Refl.  . 
Esophagitis. 

Collaborative  study  with  the  Gastroenterolcgy  Service,  WRAMC. 
This  study  Is  designed  to  identify  patents  with  distinct  patterns 
of  gastroesophageal  reflux  (GER)  who  havt*  delayed  gastric  emptying 
of  solid  food  contributing  to  their  symptomatology. 

Patients  with  GER  are  carefully  categorized  with  GER  before 
the  gastric  emptying  study  by  routine  tests  for  GER,  including  24 
hour  pH  monitoring.  Previous  data  suggests  that  four  different 
groups  of  patients  can  be  distinguished  within  the  reflux  popul¬ 
ation  on  the  basis  of  dyspepsia,  pyrosis,  and  endoscoptic 
esophagitis.  Only  2/33  patients  studied  to  date  have  not  been 
clearly  classified  into  one  of  four  groups  by  this  combination 
of  studies. 

The  gastric  emptying  study  employs  99mTc-tagced  chicken 
livers  which  are  incorporated  into  a  rr.eal  and  used  as  a  marker  to 
quantitate  solid  food  emptying  by  the  stomach.  Tagged  chicken 
livers  are  prepared  by  injecting  0.5  mcu  of  the  99mTc  sulfur- 
colloid  into  the  wing  vein  of  a  live  chicken.  After  30  minutes, 
the  chicken  is  sacrificed  by  cervical  dislocation.  The  liver  and 
chicken  carcass  a’-e  thoroughly  examined  by  a  staff  veterinary 
pathologist  for  evidence  of  disease.  The  liver  is  removed, 
washed,  and  cut  into  small  pieces  (about  1  cm)  which  are  then 
mixed  with  a  commercially  available  preparation  of  beef  stew 
(7*j  oz.  Dinty  Moore) . 

After  an  overnight  fast,  patients  and  normal  volunteers 
ingest  the  meal  along  with  150cc  of  water.  The  patient  is  then 
placed  under  the  counter  and  the  stomach  imaged.  Counts  are 
taken  every  15  minutes  until  T  1/2  for  gastric  emptying  is 


reached.  This  is  determined  by  computer  analysis  of  the  area  of 
interest,  and  the  °°mTc  half-life.  This  study  is  ongoing. 

XIV.  Experimental  Visceral  Leishmaniasis  in  Non  Human  Pri>  -tes: 

Pathologic  and  Serologic  Characterization  of  Aotus 

tri varicjatus  infected  with  L.  donovani  Promast igetes . 

Col laborati ve  study  with  the  Department  of  Immunology,  WPAIR. 
The  development  of  a  suitable  vaccine  for  the  prevention  of 
visceral  1  e  1  shman ias i s  f k.a  1  a  A zar)  would  be  greatly  aided  by  the 
availability  of  a  primate  model  of  the  diseast.  A  model  of 
visceral  leishmaniasis  using  the  Owl  Monkey  JAotus  trivan'_gatus) 
has  been  recently  developed.  Intravenous  infection  wTth  L. 
donovani  amastigrtes  1^2.1  x  10fi  organisms/kq)  resulted  in  severe 
clinical  illness  with  heavy  parasite  burdens  in  the  liver,  spleen, 
and  bone  marrow  it  f-10  weeks. 

This  protocol  utilizes  this  model  to  determine  whether 
intravenous  infection  with  the  strain  L.  donovani  (sudan  strain) 
pronastigotes  results  in  a  similar  illness.  The  promastiqote 
form  of  the  parasite  Is  reguired  for  infection  in  a  model  vaccine 
system  because:  1.  This  is  the  staqe  which  is  introduced  into 
the  host  by  infected  sandflies  and  is  the  stage  against  which  one 
would  ideally  direct  an  immune  response.  2.  Viable  prom.istiqotes 
can  be  more  precisely  ouantitated  than  amastigotes  thus  enhancing 
the  renroduc i b i 1 i ty  of  the  infectious  inoculum.  3.  More 
importantly,  PALB/C  mice  immunized  with  irradiated  L.  tropica 
promastigotes,  but  not  amastigotes,  have  responded  with  "specific 
anti-leishmanial  antibody  isotypes  (IqBl,  2a,  3)  which  conferee 
protection  from  visceral  disease  Allowing  a  subsequent  intra¬ 
venous  promastiqote  challenge.  These  data  suggest  that  relevant 
protective  antigens  are  recognized  on  the  surface  of  promastiootes 
and  can  be  used  to  imrumze  and  protect  mice.  Conf i rmatory 
studies  using  an  L.  donovani  murine  irmunfzation  model  are 
underway  in  our  laboratory.  This  work  must  then  be  repeated  ir, 
non  human  primatPS. 

The  study  is  being  performed  in  two  phases.  During  ohase  1, 
the  preinfection  period,  the  animals  are  studied  to  determine 
basel'ne  values  for  tre  parameters  to  be  observed,  and  to  exclude 
Intercurrent  illness  which  may  affect  the  outcome  of  the  study. 
During  phase  2,  the  infection  period,  the  animals  are  followed 
prospectively,  with  all  procedures  and  studies  being  oerfomed 
on  both  study  and  control  animals.  The  study  is  currently  in 
phase  1.  Hemotologic  and  serologic  data  are  being  obtained  and 
evaluated  pricr  to  proceeding  to  pnase  2. 

XV.  Treatment  of  L.  tropica  Infected  C5731/C  Mice  with  Liposomes- 

Encapsu la  ted  Lynphok ines. 
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Collaborative  study  with  the  Department  of  Immunology,  WRAIR. 
This  laboratory  has  previously  shewn  that  lymphokines  enhance  the 
killing  and/or  decrease  intracel lular  replication  of  L.  tropica 
amastigotes  within  macrophages  i_n  vitro.  The  objective  of  this 
study  is  to  develop  an  i_n  vivo  mouse  model  to  evaluate  the 
efficacy  of  lymphokines  encapsulated  in  liposomes  for  the  treat¬ 
ment  of  Leishmania  tropica  infections.  With  this  goal  in  mind 
this  study  is  being  conducted  to  determine  the  optimal  concentra¬ 
tion  of  L.  tropica  amastigotes  to  inject  into  C57B1/C  mice  for 
the  development  of  systemic  disease  and  metastatic  cutaneous 
lesions. 

Forty-five  C578 1/6  male  mice,  6 -8  wk  old,  are  divided  into 
three  groups  of  15  mice.  Each  group  will  be  injected,  i.v.,  with 
either  1CP,  106,  or  107  amastigotes  of  L.  tropica.  At  1,  3,  6,  9 
and  12-16  weeks  post-injection  three  (3j  mice  Tr dm  each  group  are 
sacrified  and  tissues  collected  for  further  studies.  Throughout 
the  experiment  each  animal  is  necropsied  by  personnel  in  the 
Department  of  Comparative  Pathology,  WP.A1R,  to  determine  gross 
pathological  lesions,  with  emphasis  on  the  identification  of 
matastatlc  lesions.  Only  gross  pathological  lesions  are  examined 
microscopical ly.  Microscopic  evaluation  of  tissues  from  selected 
animals  showed  a  granulomatous  inflammatory  reaction  in  *  variety 
of  organs.  This  is  an  ongoing  study. 

XVI.  Neurovirulence  Testing  of  Argentinian  Hemorrhagic  Fever 

(Junin)  Vaccine. 

The  Division  of  Pathology  served  as  the  lead  organization  in 
col laboratlon  with  investigators  from  the  U.S.  Army  Medical 
Research  Institute  of  Infectious  Diseases  (USAMRIID)  in  the 
determination  of  neurovirulence  of  a  candidate  vaccine  against 
Jupin.  The  following  materials  were  inoculated  bilaterally  into 
the  thalami  (0.5  ml  each  side)  and  the  lumbar  enlargement  of  the 
spinal  cord  (0.2  ml  total)  of  45  younq  rhesus  monkeys:  control 
culture  fluids  (n-5);  secondary  vaccine  seed  (n-10);  clarified 
bulk  vaccine  (n-10);  virulent  ledesma  strain  (n=5);  XJ  clone  3 
(n*5);  and  strain  XJ  13  (n«10).  T-  ?  ledesma  virulent  wild 
strain  was  clearly  the  most  neurovlrulent  of  the  strains  tested, 
in  terms  of  proportion  (incidence)  of  tissues  affected  and  in 
severity  of  lesions,  suggesting  a  widespread  viral  infection  of 
central  nervous  system  (CMS)  tissues.  In  descending  order, 
neurovirulence  of  the  other  viral  strains  was  as  follows: 

XJ  clone  3?  strain  XJ  13>  secondary  seed >  clarified  bulk  vaccine. 
Both  secondary  seed  and  clarified  bulk  vaccine  resulted  in  low 
levels  of  incidence  of  neurovirulence  lesions  in  the  CN5,  the 
majority  of  which  were  minimal  in  severity.  Based  on  these 
results.  It  was  concluded  that  the  attenuation  of  Junin  virus 
had  produced  a  vaccine  virus  strain  that  was  significantly  less 
neurovirulent  than  the  wild  strain  as  indicated  by  the  limited 
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evidence  of  neurovi rul ence  under  the  vigorous  conditions  of  this 
test.  Therefore,  these  neurovirulence  test  results  were  incorpor¬ 
ated  into  an  Investigational  New  Drug  proposal  which  was  forwarded 
to  the  Bureau  of  Biologies,  food  and  Drug  Administration  as  part 
of  the  approval  process  for  use  of  Junin  vaccine  in  humans. 

XVII.  Leishmaniasis  Tissue  Response  Studies. 

Collaborative  study  with  the  Department  of  Immunology,  WRAIR. 
Studies  were  conducted  in  order  to  characterize  the  tissue 
response(s)  in  various  tissues  from  different  strains  of  mice 
following  inoculation  witn  Leisnmania.  Tne  prototypical  response 
to  Leishmania  was  pyogranulomations  regardless  of  tissue  (liver, 
spleen,  footpad)  or  strain  of  mouse  inoculated.  The  number  of 
organisms  indenti f iable  in  the  inflammatory  lesions  varied, 
usually  in  direct  proportion  to  the  severity  of  the  inflammatory 
response.  These  results  served  as  the  basis  for  selection  of 
strains  of  mice  for  more  definitive  pathogenetic  and  imnunoloqical 
studies  of  1 ei shmani as i s . 

XVIII.  Autotransfusion  Studies  in  Dogs. 

In  collaborative  study  with  the  Division  of  Surgery,  the 
efficacy  and  safety  of  a  simple,  field  transportable  autotransfu¬ 
sion  device  have  been  tested  in  dogs.  Following  induction  of 
hemothorax  by  transection  of  the  internal  mammary  artery,  a  chest 
tube  was  used  to  collect  blood  into  a  blood  bag  containing  anti¬ 
coagulant.  This  blood  was  then  transfused  back  into  the  dog  from 
which  it  had  been  collected  and  the  animals  evaluated  for  evidence 
of  harmful  effects.  A  principal  concern  had  been  to  determine 
whether  clotting  occurred  in  the  collected  blood,  resulting  in 
microthrombosis  following  autotransfusion.  There  was  no  histo- 
pathological  evidence  of  microthrombosis  in  any  of  the  tissues 
from  doqs  which  were  autotransfused. 

XIX.  Effects  of  Ketamine  Hydrochloride  on  the  Hemogram,  Serum 
Enzyme  Activity  and  other  Biological  Parameters  in 
Cynomo’gus  Monkeys  (Macaca  fascicular's). 

Col laborative  study  with  the  Department  of  Animal  Resources, 
Division  of  Veterinary  Medicine,  WRAIR.  Ketamine  hydrochloride 
is  a  dissociative  anesthetic  routinely  used  to  immobilize  non 
human  primates.  Properties  of  ketamine  hydrochloride  incluJe 
rapid  induction  of  anesthetic  effects,  analqesia  and  short 
duration  of  action.  Given  the  extensive  use  of  ketamine  hydro¬ 
chloride  in  non  human  primates,  it  is  important  to  determine 
the  effects,  if  any,  on  various  biological  parameters  Including 
hemogram  and  various  serum  enzyme  activities.  This  pilot  project 
was  undertaken  in  an  attempt  to  define  these  effects,  if  any,  in 
the  adult  cynomolgus  monkey  (Macaca  fasc icul ari s ) . 


Eight  adult  cynomolgus  monkeys  were  bred  using  physical 
restraint  after  having  not  been  under  the  influence  of  ketamine 
anesthesia  for  at  least  6-8  weeks.  Routine  complete  blood  counts, 
extensive  serum  enzyme  and  electrolyte  analysis  and  isoenzyme 
analysis  of  CPK  and  LDH  by  electrophoresis  were  performed  on  all 
animals.  One  week  later  the  same  animals  were  bled  at  5  and  15 
minutes  after  the  intramuscular  injection  of  50  mg  ketamine 
hydrochloride.  All  previous  blood  and  serum  parameters  were 
repeated.  One  week  after  the  IM  method,  the  same  monkeys  were 
given  ketamine  hydrochloride  (.5  mg/kg  body  weight)  intraven¬ 
ously  and  were  again  bled  at  5  and  35  minutes  post-injection 
with  all  blood  and  serum  parameters  measured.  A  subsequent 
experiment  was  conducted  using  seven  of  the  eight  monkeys  to 
determine  if  physical  restraint  in  itself  had  any  effect  on 
the  various  parameters.  While  being  physically  restrained, 
each  animal  was  bled  at  0,  5  and  15  minutes.  Again,  samples 
were  analyzed  as  before. 

Numerous  signified*.;  al'eration  were  detected  in  the 
hemogram,  serum  enzyme  determinations,  serum  electrolytes  and 
isoenzyme  analysis.  Ketamine  given  Intramuscularly  caused  a 
significant  decrease  in  red  blood  cell  count,  hematocrit  and 
hemoglobin  concentration  whereas  ketamine  given  intravenously 
did  not.  Total  leukocyte  count  decreased  with  both  modes  of 
ketamine  administration.  Ketamine  also  increased  creatine 
phosphokinase,  lactate  dehydrogenase,  sodium  and  total  bilirubin 
while  decreases  were  detected  in  alkaline  phosphatase,  aspartate 
aminotransferase,  and  total  protein.  Additionally,  CPK  isoenzyme 
BB  was  found  in  serum  of  normal  adult  cynomolgus  monkeys,  a 
finding  not  previously  reported.  The  significance  of  these 
findihgs  can  have  far-reaching  implications  regarding  interpre¬ 
tation  of  data  from  experiments  where  ketamine  hydrochloride  is 
commonly  used  for  handling  this  laboratory  animal. 

The  results  of  this  pilot  project  have  given  rise  to  a  formal 
protocol  currently  being  drafted  wnereby  a  modified  crisscross 
pattern  of  monkey  groups  will  be  utilized  in  an  effort  to  verify 
our  previous  findings. 

XX.  Quality  Assurance  Pathology  Evaluation  for  Extramural 

Contracts. 

The  Division  of  Pathology  continued  to  serve  as  a  source  of 
pathology  expertise  for  the  Institute.  Most  notably,  quality 
assurance  pathology  services  were  provided  to  the  Division  of 
Experimental  Therapeutics  in  support  of  the  toxicology  testing 
of  promising  anti  protozoan  drugs.  With  only  minor  exceptions 
the  quality  of  pathology  provided  under  extramural  contracts 
by  commercial  laboratories  was  determined  to  be  excellent.  Tne 
toxic  effects  of  compound  WR  228258  were  found  to  be  reversible 
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in  17  week  long  studies  conducted  under  one  of  these  extramural 
contracts. 

XXI.  Clinical  Pathology  Laboratory  Support,  Histopathology 
Laboratory  Support  and  Necropsy  Support. 

The  clinical  pathology  laboratory  handled  approximately 
6,397  requests  for  hematology  and  36,735  determinations  for 
serum  biochemistry  during  the  reporting  period.  The  histopatholooy 
laboratory  processed  approximately  8,197  paraffin  blocks  and 
13,067  microslides.  A  new  process  of  plastic  embedding  was  also 
initiated  during  this  reporting  period  giving  rise  to  277  blocks 
and  565  microslides.  A  total  of  1,395  necropsies  were  performed 
by  the  necropsy  laboratory.  These  three  laboratories  supoort 
research  protocols  at  WRAIR  and  its  overseas  laboratories  and 
other  government  agencies  as  well  as  providing  diagnostic  support 
for  the  Institute's  laboratory  animal  facilities. 

A  storage  area  was  established  in  Room  B097,  Bldq.  4G,  WRAIR, 
in  compliance  with  the  provisions  of  the  Good  Laboratory  Practices 
Act.  This  area  serves  as  a  secure  repository  for  natholony  mate¬ 
rials  including  wet  tissues,  paraffin  blocks,  tissue  slides, 
protocols,  pathology  reports  and  final  reports.  Access  to  this 
area  is  controlled  and  accountabi 1 i ty  of  material  stored  is 
emphasi zed. 
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23(U)  To  determine  the  finite  structural  and  functional  bases  of  the  patholoqic  changes 
classically  associated  with  blast-related  injury  to  various  tissues,  especially  in  the 
respiratory  and  gastrointestinal  systems.  Correlate  structural  and  functional  patho¬ 
logic  chanqes  with  various  levels  and  amounts  of  blast  exposure,  emphasizing  dose  ranqes 
which  are  near  the  environmental  exposure  associated  with  crew  operator  positions  of 
large  field  artillery  weapons.  Study  effects  of  repeated  blast  over  time  periods  cover¬ 
ing  up  to  14  days  to  determine  cumulative  effects  and  resolution  dynamics.  Map  the 
relative  sensitivities  of  airways  and  vessels  in  the  respiratory  system.  Compare  the 
tissues  throughout  the  body.  Determine  the  effects  of  blast  injury  on  other  parameters 
e.g.,  susceptibility  to  infectious  diseases  of  military  importance. 

24(u)  Conventional  morphologic  techniques  including  light  and  electron  microscopy  will 
be  used.  Other  procedures  will  involve  use  of  substances  such  as  carbon  particles, 
ferritin  and  horseradish  peroxidase  to  determine  vascular  permeability  and  clearance 
functions.  Small  laboratory  rodents,  especially  rats  and  guinea  piqs  will  be  the- 
predominant  laboratory  animals  used. 

25fU)  82-10  -  83-09  Threshold  levels  of  repeated  blast  were  determined  for  airway  ■ 
epithelial  danaqe  in  rats.  Furthermore,  the  cellular  bases  of  airway  epithelial  daman# 
were  partially  defined  and  resolved.  The  relationship  of  airway  epithelial  damaoe- and  I 
pulmonary  parenchymal  injury  was  established.  For  technical  report  see  Walter  Reed  '■'4| 
Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83.  f 
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Project:  3M1611028S10  RESEARCH  ON  MILITARY  DISEASES,  INJURY 
AND  HEALTH  HAZAROS 

Work  Unit  224  Functional  and  Structural  Bases  of  Blast  Related 
Tissue  Injuries 

Investigators: 

Principal:  LTC  James  B.  Moe,  DVM,  Ph.D. 

CPT  Charles  B.  Clifford,  DVM 

CPT  Douglas  D.  Sharpnack,  DVM,  MS 

Description: 

As  new  weapons  systems  are  developed,  it  is  imperative  that 
consideration  be  given  to  the  potential  effects  that  these  may 
have  on  the  health  and  performance  of  the  crews  operating  these 
systems.  Use  of  marrmals  exposed  to  blast  overpressure  generated 
by  weapons  or  other  blast-generating  devices  provides  a  means  of 
estimating  the  susceptibility  of  mammalian  tissues  to  blast  over¬ 
pressures  at  levels  approximating  those  received  by  operators  of 
weapons  systems.  More  detailed  study  of  tissues  so  exposed  helps 
to  resolve  the  biological  bases  of  blast-related  injuries.  Ad¬ 
ditionally,  tiie  various  pathologic  structural  and  functional 
techniques  are  useful  in  determining  the  complex  interaction 
between  blast  overpressure  and  other  factors  in  the  modern  combat 
environment.  Resolution  at  the  cellular  and  subcellular  level  of 
the  biodynamic  events  leading  to  tissue  injury  is  essential  to  an 
accurate  approach  to  the  prevention  and  treatment  of  blast-related 
injury. 

Progress : 

To  determine  the  finite  structural  and  functional  bases  of  the 
pathologic  changes  caused  by  blast-related  injury  in  the  various 
tissues.  Of  special  interest  are  injuries  which  result  from  ex¬ 
posures  similar  to  those  received  by  artillery  weapons  crews  in  the 
field  environment.  Structural  and  functional  changes  are  corre¬ 
lated  with  various  amounts  of  blast  overpressure,  emphasizing  dose 
ranges  which  are  near  the  environmental  exposure  associated  with 
crew  operator  positions  of  large  field  artillery  weapons.  Effects 
of  repeated  blasts  over  time  periods  covering  up  to  14  days  are 
studied  to  determine  cumulative  damage  and  resolution  dynamics. 

The  relative  sensitivities  of  airways  and  blood  vessels  in  the 
respiratory  system  are  mapped.  The  fragility  of  the  pulmonary 
vascular  bed  is  compared  with  that  of  blood  vessels  in  other  organs 
and  tissues  of  the  body.  Other  functional  parameters  are  in¬ 
vestigated. 

Conventional  morphologic  techniques,  including  light  and 
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electron  microscopy,  as  well  as  special  procedures  which  determine 
vascular  permeability,  mucociliary  clearance  and  other  functional 
parameters,  are  used.  Complex  procedures  designed  to  determine 
the  effects  of  blast  overpressure  exposure  on  susceptibility  to 
infectious  agents  will  be  adapted  as  the  studies  progress. 

As  non-auditory  lesions  in  rats  due  to  repeated  exposure  to 
blast  overpressure  had  not  been  well  described  at  the  light  or 
scanning  electron  microscopic  level,  an  experiment  was  conducted  to 
examine  respiratory  injury.  Rats  were  exposed  to  20  repetitions  of 
blast  overpressure  varying  in  intensity  from  22.5  psi ,  an  antici¬ 
pated  LD30,  to  1  psi.  Although  no  mortality  was  produced,  mild 
respiratory  lesions  were  observed  in  the  22.5  psi  and  16  psi  groups. 
These  consisted  of  multifocal  pulmonary  hemorrhage  observed  by  light 
microscopy,  and  tracheal  epithelial  injury  observed  by  scanning 
electron  microscopy. 

In  order  to  maximize  these  lesions  to  characterize  them  more 
fully  an  additional  project  was  performed  exposing  rats  to  20 
repetitions  of  blast  overpressure  exposure  at  25  psi.  Although 
pulmonary  hemorrhage  was  still  relatively  mild,  there  was  extensive 
loss  of  tracheal  and  bronchial  lining  cells.  Incipient  regeneration 
was  evident  at  24  hours  post  exposure.  The  potential  of  single  or 
repeated  episodes  of  blast-induced  tracheo-bronchial  injury  to 
result  in  permanent  morphologic  change,  increased  susceptibility  to 
lower  respiratory  infection  or  other  secondary  complications  re¬ 
quires  further  study.  Additionally,  experiments  are  underway  to 
validate  these  findings  in  a  larger  mammalian  species,  the  sheep. 

Collaborative  studies  with  the  Department  of  Clinical  Physiology, 
Division  of  Medicine  have  involved  consultation  and  documentation  of 
pathologic  aspects  of  chronic  tracheostomy  studies,  lymphatic  duct 
cannulation  studies,  isolated  gut  loop  experiments  and  early  de¬ 
velopment  of  the  waterjet  impactor  as  a  tool  for  blast  overpressure 
research.  Preliminary  findings  have  suggested  that  each  of  these 
approaches  will  have  considerable  utility  and  value  in  the  more 
finite  proposed  study  of  blast  biology  in  the  future. 
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23  (U)  Recent  work  from  this  laboratory  has  shown  that  serum  enzyme  systems  (particu¬ 
larly  CPK)  change  with  bowel  infarction.  In  order  to  assess  properly  the  changes  in 
various  enzyme  systems  in  the  peripheral  serum  subsequent  to  blast  injury,  more  must 
be  known  concerning  each  enzyme's  distribution  in  the  various  parts  of  the  GI  tract. 

If  a  difference  in  enzyme  distribution  could  be  detected,  then  earlier  stages  of  in¬ 
jury  may  be  detected  by  assaying  the  changes  in  the  isoenzymes  in  the  peripheral  serum 
after  blast  injury.  There  is  military  relevance  in  this  research. 

t 

24  (U)  Our  program  of  serum  analyses  is  being  integrated  into  the  program  currently 
being  conducted  in  conjunction  with  the  Department  of  Clinical  Physiology  of  the 
Division  of  Medicine,  WRAIR.  The  enz- me  levels  in  the  gastrointestinal  tissues  and 
serum  of  laboratory  aninals  is  being  assayed. 

25  (U)  82  10  -  82  09  A  comparison  was  made  between  serum  levels  of  Alkaline  Phosphatase 
and  Creatine  Phosphokinase  (CP'i,  and  their  isoenzymes  as  markers  of  injury  to  the 
small  and  large  bowel.  CPK  was  found  to  be  a  more  sensitive  and  specific  marking  in 
laboratory  animal  experiments.  A  new  laboratory  blast. device  is  being  built  which 
will  allow  testing  of  these  markers  after  blast  injury  under  controlled  circumstances. 
For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report 

Oct  82  -  30  Sep  83.  I 
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Project  3M161102BS10  RESEARCH  ON  MILITARY  DISEASE, 

INJURY  AND  HEALTH  HAZARDS 

Work  Unit  225  Pathophysiology  of  Blaat  Injury 

Investigator: 

Principal:  LTC  Geoffrey  M.  Graaber,  MC 
Background  and  Objectives: 

Exposure  to  certain  leveis  of  blaat  has  been  ahovm  to  oauae 
injuries  to  specific  organs  depending  on  the  amplitude  and  the 
duration  of  the  blast  impulse.  Organs  such  as  the  stomach,  colon 
and  lung  are  particularly  susoeptible  to  injury  from  exposure  to 
blast.  Our  work  has  been  directed  at  delineating  potential  serua 
markers  which  could  be  used  to  assess  the  extent  and  severity  of 
injury  to  specific  organa  caused  by  blast  exposure.  Hopefully, 
such  markers  could  be  used  to  better  evaluate  and  treat  soldiers 
who  nad  been  exposed  to  blast  waves  in  a  combat  situation.  Work 
which  we  have  previously  published  has  shown  that  severe  injury  to 
either  the  small  bowel  or  the  colon  is  associated  with  elevations 
of  peripheral  serum  creatine  phoaphokinase  and  its  isoenzymes.  "3 
Analysis  of  lactic  dehydrogenase  in  animals  has  shown  that  there 
are  only  minimal  changes  in  this  isoenzyme  system  in  the  peripheral 
serum  after  severe  injury  to  the  bowel. ^  More  recently  published 
work  from  our  laboratory  has  shown  that  infarction  of  as  little  is 
fifty  centimeters  of  small  bowel  will  cause  changes  ir,  the 
peripheral  serum  isoenzymes  of  creatine  phoaphokinase.  Further 
work  which  is  awaiting  publication  has  shown  that  the  isoenzymes  of 
creatine  phoaphokinase  and  lactic  dehydrogenase  may  have  similar 
charges  in  the  serum  of  patients  who  have  had  severe  bowel 
injury.'1  Other  reports  which  are  awaiting  publication  show  that 
creatine  phoaphokinase  and  all  three  of  its  isoenzymes  are 
distributed  throughout  the  gastrointestinal  tract.  Moreover, 
bowel  has  rather  characteristic  distributions  of  this  isoenzyme 
system  which  are  different  from  those  found  in  soma  other  tissues 
in  the  body. 

Our  work  during  the  current  year  has  looked  at  the  isoenzymes 
of  creatine  phoaphokinase  and  lactia  dehydrogenase  in  cheat  wall 
muscles  and  in  the  heart  chambers.  The  distribution  of  these 

isoenzymes  in  the  skeletal  muscles  of  the  ohest  wall  and  the  heart 
had  potential  interest  since  these  organa  could  also  be  injured, 
theoretically,  in  blast  exposure.  Tb»  deposition  of  such 

Isoenzymes  in  the  serum  after  blast  exposure  could  possibly  oonfuse 
the  interpretation  o'.'  isoenzymes  which  had  been  deposited  in  the 

serum  from  injury  to  the  bowel.  Interestingly,  there  are 

characteristic  isoenzyme  patterns  for  both  the  skeletal  ausole  and 
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the  different  portions  of  the  myocardium  wnich  could  at  least, 
theoretically,  allow  differentiation  from  GI  tract  injury.  He  have 
also  studied  alkaline  phosphatase  as  a  potential  serum  marker  of 
injury  to  the  bowel. 


Progress : 


Progress  this  year  has  centered  on  the  better  definition  of 
creatine  phosphokinase  (CPK)  and  lactic  dehydrogenase  (LDH)  in 
skeletal  muscle  and  in  cardiac  muscle.  The  isoenzyme  distribution 
of  creatime  phosphokinase  in  cardiac  muscle  suggests  that  there  is 
virtually  no  CPK-BB  present  in  the  heart.  This  is  particularly 
important  since  CPK-BB  seems  to  be  indicative  of  mesenteric 
injury. 


Further  studies  which  we  have  carried  out  this  year  have  shown 
that  the  isoenzyme  system  of  alkaline  phosphatase,  although  a 
potentially  attractive  marker  of  severe  injury  to  the 
gastrointestinal  tract,  is  not  as  good  a  marker  as  creatine 
phosphokinase.  •  With  severe  bowel  infarction,  peripheral  3erum 
creatine  phosphokinase  rose  to  a  higher  level  and  more  rapidly  that 
did  alkaline  phosphatase.  The  serum  isoenzyme  distribution  of 
creatine  phosphokinase  also  changed  in  that  the  CPK-MB  and  CPK-BB 
isoenzymes  went  up  as  well  as  the  CPK-MM  isoenzyme.  In  alkaline 
phosphatase,  the  fraction  which  is  found  to  be  in  the  beta  region 
and  which  was  felt  to  be  characteristic  of  the  intestinal  alkaline 
phosphatase,  did  not  appear  in  appreciable  quantities  in  the  serum 
in  the  first  twelve  nours  after  injury.  Moreover,  there  was 
virtually  no  'detectable  intestinal  alkaline  phosphatase  in  the 
serum  of  laboratory  animals  which  had  a  major  mesenteric  injury 
twelve  hours  subsequent  to  the  injury.  For  these  reasons,  serum 
alkaline  phosphatase  was  felt  not  to  be  as  good  a  mr  ;er  of 
intestinal  injury  as  creatine  phosphokinase. 


Further  studies  on  tissue  distribution  of  alkaline  phosphatase 
have  shown  that  there  is  overlap  of  the  different  isoenzymes  found 
in  different  organs.  Hence,  alkaline  phosphatase  is  not  as  good  a 
marker  a3  CPK  which  has  distinct  and  physically  separable 
isoenzymes.  Other  experimental  work  conducted  this  year  has  shown 
that  the  dog  was  a  more  adequate  model  for  studying  CPK  and  LDH 
isoenzymes  than  was  the  sheep.  Preliminary  studies  are  being 
conducted  to  determine  if  the  swine  is  as  good  a  model  as  the  dog 
for  the  study  of  CPK  and  LDH  isoenzymes  after  injury.  Very 
preliminary  results  suggest  that  the  swine  will  be  a  model 
comparable  to  the  dog  for  studying  these  enzymes  in  relation  to 
injuries  which  may  be  suffered  by  humans. 
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Recommendations  For  The  Future: 

Our  plans  for  the  future  are  to  better  define  the  swine  model 
with  respect  to  the  isoenzymes  we  wish  to  study.  We  also  plan  to 
take  the  swine  out  to  the  field  and  expose  it  to  different  levels 
of  blast.  After  exposing  it  to  different  levels  of  blast  we  will 
analyze  the  serum  for  the  common  isoenzymes  and  proteins  assayed  on 
routine  examinations.  Some  enzyme  systems,  such  as  those  of  C?K 
and  LDH  will  have  more  extensive  examination  including 
electrophoresis.  We  feel  that  these  have  particular  promise  for 
future  endeavors  in  measuring  intestinal  tract  injury  after  blast 
exposure. 

A  new  development  which  bears  further  investigation  and 
further  consideration  is  the  marketing  of  a  rapid  electrophoretic 
process  for  defining  isoenzymes.  The  time  has  now  been  cut  in  half 
and  the  equipment  has  been  reduced  substantially  for  the  new 
assay.  This  will  allow  more  rapid  determination  of  serum 
isoenzymes  in  a  field  situation  and  will  allow  more  expeditious 
processing  of  the  samples  since  less  equipment  is  required. 
Initial  evaluation  and  testing  of  this  new  enzyme  assay  will  be 
slated  for  the  coming  fiscal  year. 


PROJECT  3M161102BS10  RESEARCH  ON  MILITARY  DISEASE, 

INJURY  AND  HEALTH  HAZARDS 

Work  Unit  225  Pathophysiology  of  Blast  Injury 
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t  M  ’ !  Our  technical  objective  will  be  to  study  the  pathophysiology  of  the  development 
:  -.•u  ■  -i.i  1  and  serosa  t*  hemorrhage ,  which  is  known  to  be  a  consequence  of  blast  injury 
>.  !  v;.i.  !i  mv  be  an  important  aspect  of  combat  casualty  management  in  future  conflicts. 

»■’  lev.1'  exposure  to  blast  injury  is  experienced  by  troops  firing  weapons.  Much  higher 

•  •••.•!  •.  i!  blast  injury  is  experienced  by  troops  in  the  vicinity  of  an  explosion,  or 

i  t'.u-.k  which  is  struck  by  a  projectile.  Extremely  high  levels  of  blast  overpressure 
1  ■>■•  exper  ienced  bv  troops  in  the  field  of  a  Fuel  Air  Explosion  (FAE)  Mine  Neutra- 


rvat  unt  of  the  gastrointestinal  results  of  blast  Injuries  over  a  range  of 
:!  .■•:  ,  burnt  ii  ns  and  frequencies  will  he  made  In  sheep.  Sequential  laparotomies 
.•  ii  :  led  -fit  in  sheep  to  observe  the  natural  history  of  the  lesions  observed, 
and  m  i  rtiin  •>;>  i  e  observations  will  bo  made.  The  general  physiologic  status  of 
;  r  a  1 s  will  be  assessed  during  these  studies  by  measurements  of  pulse,  respiration 
u  !  white  blood  cell  count. 

a.  -  HI  O'!  A  report  reviewing  world  experience  on  gas  t  re  i  n  t  est  l  no  I  blast 

wi,  published  in  the  journal  of  Military  Medicine.  A  study  to  evaluate  the 
ie  use 1 u I  ness  of  Xenon  to  diagnose  hematomas  .>!  the  bowel  was  begun  in  eollabnra- 
i  '  * ;  (iregorv  Bulk  ley  at  lohns  Hopkins  Dniversltv.  Initial  experiments  in  rats 

:  i  .  ’>  .  •  nil.-  potential  for  this  appr  oach .  For  t  ••.■tin "til  rejxirt  ;;••••  Walter  Roe  i 

;•  .  ..search  Atarjal  i  r-iwr—--,  He?>  >rt  1  <»ot  -  jo  « i. 


Project  3M161102BS10 


RESEARCH  ON  MILITARY  DISEASE,  INJURY  AND 
HEALTH  HAZARDS 


Work  Unit  22 6  Pathophysiologic  studies  of  blast  injury  to  the 
gastrointestinal  tract 


Investigators: 

Principal:  ,  John  W.  Harmon,  LTC,  MC 

Co-Investigators:  Eugene  J.  Schweitzer,  CPT,  MC 
Amiron  Cohen,  CPT,  MC 

Background  and  Objectives: 

With  blast  overpressure  injury,  it  is  common  to  see  gastroin¬ 
testinal  tract  injury.  The  lesions  observed  acutely  range  from 
petechia  in  mild  form  progressing  to  large  hematomas  in  the  submu¬ 
cosa  and.  in  the  most  severe  cases  including  perforation  of  the 
bowel.  The  hematomas  occur  most  commonly  in  the  stomach  and  the 
proximal  colon.  They  also  occasionally  are  seen  in  the  small  bowel 
and  retroperltoneum.  The  natural  history  of  these  lesions  is  not 
known.  A  knowledge  of  the  natural  history  of  the  lesions  is  of 
importance  for  those  who  will  be  managing  Blast  Injury 
Casualties.  If  the  lesions  resolve  over  time,  they  are  not  a  sig¬ 
nificant  problem.  If,  however,  they  progress  to  perforation,  they 
are  a  very  major  problem.  At  this  time  surgeons  do  not  have  guide¬ 
lines  for  managing  non-perforating  bowel  lesions  of  blast  overpres¬ 
sure. 

Progress: 

During  this  fiscal  year,  we  carried  out  two  projects  in  the 
area  of  gastrointestinal  effects  of  blast  injury. 

First  we  collaborated  with  Dr.  Gregory  Bulkley  of  Johns  Hopkins 
University,  Department  of  Surgery,  to  evaluate  the  potential  of  the 
Xenon  washout  technique  for  diagnosing  the  intramural  hematomas 
that  result  from  blast  injury.  Dr.  Amiron  Cohen,  a  resident  on 
elective  from  WRAMC,  was  the  lead  investigator  in  this  intensive 
evaluation  which  lasted  three  months.  A  final  analysis  of  the 
studies  performed  is  being  prepared  and  will  be  available  for  next 
year's  annual  report.  At  this  time,  it  can  be  said  that  Xenon 
washout  has  the  potential  to  diagnose  any  intra-abdominal 
hematoma.  Xenon  is  an  inert,  lipid  soluble,  radioactive  gas. 
After  it  is  injected  into  the  peritoneal  cavity,  it  is  removed  from 
tissue  with  a  washout  curve  that  depends  on  blood  flow.  Xenon  was 
injected  into  the  peritoneal  cavities  of  rats  and  when  a  hematoma 
was  present  in  the  peritoneal  cavity,  radioactivity  lingered  in  the 
area  of  the  hematoma. 


! 
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This  method  is  expensive  and  requires  sophisticated 
equipment.  It  also  lacks  precision.  So  at  this  stage,  it  clearly 
is  not  suitable  for  field  use  or  even  for  use  in  major  hospitals. 
However,  there  is  no  alternative  way  to  diagnose  intra-abdominal 
hematomas,  and  this  approach  does  have  potential. 

The  other  project  in  this  work  unit  is  the  building  of  a  labo¬ 
ratory  blasting  device.  This  device  is  currently  being  built  at 
WRAIR.  It  will  have  the  potential  to  inflict  air  blast  injury  on 
small  animals.  The  pathophysiology  of  blast  injury  as  well  as  the 
effects  of  various  treatment  regimens  could  be  nicely  evaluated  if 
this  system  wc-ks.  It  is  patterned  on  a  similar  device  that  was 
built  at  Porton  Downs  in  England,  but  which  has  only  had  initial 
evaluation  there.  We  expect  to  have  the  laboratory  blasting  device 
operational  in  fiscal  1984. 

Recommendations  for  the  future: 

The  data  from  the  Xenon  project  needs  to  be  fully  evaluated  and 
reported  in  the  scientific  literature.  Without  significant  basic 
improvements  in  the  technology  of  this  approach,  it  is  not  clear 
that  further  evaluation  of  it  by  our  Division  would  be  valuable. 
We  will  continue  to  monitor  this  area  for  new  developments  which 
would  be  of  use  to  the  United  States  Army  Medical  Corps. 

We  expect  to  be  able  to  carry  out  meaningful  experiments  relat¬ 
ing  to  the  pathophysiology  and  treatment  of  blast  injury  using  our 
laboratory  air  blast  device  in  the  near  term  future. 
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23. (u)  To  define  the  hematologic  pathophysiology  of  bone  marrow  toxicity  from  certain 
families  of  chemical  agents,  drugs,  radiation,  and  acute  infection;  to  identify  modal¬ 
ities  that  may  protect  against  hematopoietic  stem  cell  injury;  to  study  basic  mechan¬ 
isms  involved  in  the  regulation  of  hematopoiesis,  including  iron  absorption  and  to  de¬ 
fine  and  purify  hematopoietic  regulatory  mediators.  A  basic  understanding  of  the  regu¬ 
lation  of  hematopoiesis  is  very  important  to  the  military  because  of  numerous  marrow 
toxic  conditions  (radiation,  drugs,  infections,  chemicals)  to  which  military  personnel 
may  he  exposed  during  their  duties. 

2A.(U)  Experimental  procedures  include  biochemical  and  cell  culture  techniques,  animal 
models,  and  the  isolation  of  normal  human  bone  marrow  cells.  Studies  also  involve  elec¬ 
tron  microscopic  analysis  of  the  ultrastructure  ot  bone  marrow  tissue  during  its  morpho¬ 
genesis  . 

25.(11)  82  10  -  83  09  Studies  of  the  long-term  in  vitro  culture  of  normal  human  marrow 
have  defined  optional  serum  requirements  for  maintenance  of  human  hematopietir  stem 
cells  in  vitro;  a  mlcrotizcd  version  of  the  ’’Dexter"  long-term  marrow  culture  system 
h.ts  been  developed  using  leighton  tubes  in  which  marrow  cells  grow  on  a  sterile,  remov¬ 
able  pi  .ist i c  si  ides  which  permits  experimental  modification  of  the  surface  to  which 
war  row  stroma  and  hematopoietic  cells  adhere.  Using  this  system,  marrow  stromal  cells 
separated  by  density  gradient  techniques  have  been  characterized;  nutrient  requirements 
for  in  vitro  hematopoiesis  have  also  been  investgated.  Studies  of  erythropoietin  puri¬ 
fication  from  human  urine  and  from  a  murine  cell  line  have  been  carried 
out.  Studies  of  iron  absorption  in  mice  and  humans  with  and  without  iron  loading  have 
[continued.  For  technical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual 
progress  Report,  1  Oct  82  -  30  Sep  83. 
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Descript  Ion 


Blood  cells  constitute  a  complex  organ  of  which  normal  function  requires 
continuous  self-renewal  of  blood  precursor  cells  within  the  bone  marrow.  The 
demands  of  blood  cell  renewal  (hematopoiesis)  are  enormous,  and  for  this 
reason  hematopoiesis  is  particularly  sensitive  to  the  toxic  effects  of 
chemicals,  drugs,  radiation,  and  acute  infections  which  interfere  with  cell 
division  or  differentiation.  The  objectives  of  this  work  unit  are  to  study 
basic  mechanisms  involved  in  tlte  regulation  of  hematopoiesis  using  tissue 
culture  of  stem  cells  and  committed  hematopoietic  precursor  cells  from  human, 
mouse,  and  rabbit  marrrow,  using  leukemic  cell  lines,  and  using  allogenic 
transplantation  of  bone  marrow  tissue  in  animals. 


Specific  studies  are  designed  to  study  the  effects  of  mediators  derived 
(rum  mature  leukocytes  and  inflammatory  tluids  upon  hematopoiesis,  to  study 
the  hlocltemist ry  and  physiologic  effects  of  erythropoietin  upon  stem  cell 
maturation.,  and  to  study  basic  mechanisms  by  which  iron  absorption  is 
regulated  and  by  which  iron  la  utilized  by  hematopoietic  tissues. 


1 .  Studies  of  long-term  in  vitro  culture  of  normal  human  bone  marrow 
A.  Marrow  stromal  cells: 


The  adherent  layer  of  "stromal"  cells  which  forms  on  the  bottom  of  the 
cjlture  flasks  during  the  first  2-3  weeks  of  bone  marrow  culture  is 
critical  for  supporting  the  survival  and  proliferation  of 
hematopoietic  stem  cells.  A  technique  for  separation  of  bone  marrow 
cells  on  density  gradients  cmposed  of  PVP  coated  silica  (Percoll)  has 
been  utilized  to  identify  different  cell  types  which  comprise  the 
adherent  monolayer.  Morphologic  differences  have  been  defined  by 
light  microscopy  of  adherent  cells  from  different  portions  of  the 
density  gradients.  At  least  3-4  cell  types  are  distinguishable  by 
such  techniques.  We  have  begun  to  investigate  the  ability  of 
"stromal"  colls  with  diflerent  bouyant  densities  to  support 
hematopoietic  stem  cells  added  back  to  the  cultures.  Cells  capable  of 
supporting  stem  cell  growth  are  being  further  characterized  by 
electron  microscopy  and  studied  for  surface  determinants  utilizing  a 
flourescence  activated  cell  sorter.  A  r.lcrotlzed  culture  system  has 
been  developed  using  Leighton  tubes  in  which  cultured  marrow  cells 
grow  on  removable  plastic  slides.  This  technique  is  especially 
adaptable  for  study  of  the  adherent  stromal  cell  layer  which  supports 
hematopoietic  stem  cell  self-renewal. 


B.  To  better  investigate  the  production  of  factors  by  the  stromal 
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elements  in  long  term  cultures  which  are  essential  to  the  survival  and 
function  of  hematopoietic  stem  cells,  studies  have  been  begun  to 
completely  define  the  nutrient  requirements  of  the  marrow  cell  culture 
system.  Any  factors  produced  by  the  stromal  cells  are  operative  over 
short  distances  and  likely  to  be  in  such  su:sll  quantities  as  to  be 
virtually  undetectable  in  a  system  flooded  with  a  broad  spectrum  of 
proteins  found  in  serum.  Therefore,  development  of  serum  free 
nutrient  media  has  been  initiated.  Studies  are  underway  to 
fractionate  fetal  calf  serum  and  horse  serum  by  ultracentrifugation 
with  density  adjustment.  The  goal  is  to  support  the  formation  of  a 
stromal  layer  and  the  ensueing  hematopoiesis  in  the  presence  of 
culture  medium  supplemented  with  a  well  characterized  serum  fraction 
and  other  purified  proteins  and/or  hormones.  A  particular  effort  has 
been  directed  at  distinguishing  lipid  and  non-lipid  requirements  of  in 
vitro  hematopoiesis. 


2.  Studies  of  erythropoietin  (£p) 

Studies  have  been  continued  on  the  purification  of  Ep  to  high  specific 
activity  by  methods  producing  both  high  yields  and  significant 
resolution.  Thu6  far,  the  hormone  has  been  purified  over  500  fold  from 
human  urine  by  a  combination  of  reverse  phase  high  performance  liquid 
chromatography  (HPLC),  affinity  chromatography  on  wheat  germ  agglutinin, 
and  size  exlcusion  HPLC.  Although  three  techniques  are  rapid  and  produce 
better  yields  than  most  previous  separations  for  this  substance,  problems 
remain.  In  particular,  reverse  phase  chromatography  necessitates  that 
large  volumes  of  ethanol  be  removed  before  further  processing.  Along  with 
this,  lectin  affinity  chromatography  produces  difficulties  with  loss  of 
small  quantities  of  protein  by  nonspecific  binding.  hewer  studies  to 
eliminate  macro  affinity  chromatography  and  to  utilize  primarily  various 
forms  of  HPLC  including  adsorption  on  hydroxyapatite  have  been  begun. 

Along  with  this,  a  different  and  potentially  much  more  reliable  source  of 
starting  material  has  been  identified  in  the  form  of  a  murine  cell  line 
which  can  secrete  significant  quantities  of  EP  into  the  growth  medium. 

3.  Studies  of  the  regulation  of  iron  absorption 

Efforts  have  continued  to  develop  an  easy,  non-toxic,  nonradioactive 
test  of  iron  adsorption  from  small,  orally  administered  amounts  of  iron. 
Using  this  test  we  intend  to  define  indicators  of  mild  iron  deficiency 
sufficiently  sensitive  and  accurate  that  it  may  be  used  in  epidemiologic 
studies  of  iron  nutrition.  Our  basic  approach  has  been  to  describe  iron 
absorption  with  a  low  dose  iron  tolerance  test  (ITT).  Instead  of  using 
pharmacologic  doses  (50-25U  mg),  we  have  employed  5  or  10  or  20  rag, 
approximating  the  amount  cf  iron  in  a  meal  or  a  mild  dietary  supplement. 
Ou"  subjects  have  been  normal  blood-bank  donors  some  of  whom  have  mild 
anemia  and  some  have  no  anemia  but  partially  depleted  iron  stores.  Snail 
doses  of  iron  were  found  to  cause  significant  increases  in  the  plasma  iron 
concentration  of  the  mildly  Iron  deficient  volunteers.  The  changes  in 
normally  iron  replete  subjects  on  the  ether  hand  are  insignificant.  In 
the  Iron  deficient  donors  the  larger  the  dose,  the  greater  the  increase  in 
plasma  iron  concentration.  Heme  iron  (as  blood)  causes  a  sraalle”  and 
delayed  increase  in  plasma  Iron.  The  same  is  true  of  reduced  iron  (as 
carbonyl  Iron).  Tne  delays  may  be  a  function  of  digestion  in  the  case  of 
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heme  and  ot  dissolving  in  t Ik*  case*  of  metallic  Iron.  We  have  learned  that 
.1  large  dose  of  iron  (f>()  mg)  on  day  one  may  interfere  with  the  absorption 
of  a  smaller  dose  (20  mg)  on  day  two  suggesting  that  large  doses  result, 
to  some  extent,  in  a  refactory  period  ot  iron  absorption  by  the 
duodenum.  We  have  also  ascertained  that  ascorbic  acid  Increases  tlie  rise 
ot  plasma  Iron  and  carbonate  inhibits  it.  The  implications  for  efficacy 
of  vi tamin-mineral  preparations  are  a  subject  for  further  Investigation. 

future  Clans 


Studies  of  the  regultfon  of  hematopoiesis  using  in  vitro  systems  for 
the  long-term  culture  of  normal  human  bone  marrow,  and  of  hematopoietic 
growth  factors,  and  of  tlie  regulation  ot  iron  absorption  will  continue  in 
FY84  along  lines  ot  work  begun  in  the  last  2  years.  Articular  attention 
will  be  given  to  in  vitro  nutrient  variables  that  influence  terminal 
differentiation  of  neutrophils  In  long-term  marrow  culture,  to  defining 
the  characteristics  of  adherent  marrow  stromal  cells  that  support  in  vitro 
hematopoiesis,  and  to  characterizing  the  refractory  period  of  iron 
absorption  provoked  by  small  doses  ot  oral  iron  in  vivo. 
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23.  (U)  To  define  the  hematologic  Pathophysiology  of  trauma,  infections,  shock,  marrow 
toxic  drugs  or  radiation  as  related  to  diseases  of  military  importance;  to  identify 
modalities  to  restore  hemostasis,  to  augment  host  defense  systems  against  infection; 

The  importance  of  this  basic  research  to  the  military  is  wide  ranging  and  is  applicable 
to  both  health  maintenance  of  military  personnel  exposed  to  unusual  enviornmental ,  toxic 
and  infectious  hazards  but  also  to  the  treatment  of  militarily  relevant  disease. 

24.  (U)  Experimental  procedures  include  biochemical,  immunologic,  and  cell  culture 
methods;  in  vitro  cell-free  and  membrane-dependent  systems;  large  and  small  laboratory 
animal  models;  and  studies  of  human  subjects. 

25.  (U)  82  ID  -  83  09  a)  Studies  were  carried  out  investigating  the  interactions  of 
negatively  charged  phospholipids,  factor  VIIIc  and  factors  of  the  prothrombinase  com¬ 
plex.  These  studies  led  to  the  development  of  a  dilute-phospholipid  APTT  assay  useful 
in  detecting  auto-antibodies  with  anticoagulant  effects,  b)  Studies  of  plasminogen 
activator  (PA)  production  by  the  human  leukemic  cell  line,  HL-60,  have  defined  a  model 
for  studying  inducible  synthesis  and  release  cf  PA.  c)  Methods  were  developed  to  assay 
a  critical  enzyme  of  intermediary  purine  metabolism,  IMP  dehydrogenase.  Use  of  this 
assay  in  study  of  hematopoietic  precursor  cells  has  further  defined  a  relationship  be¬ 
tween  this  enzymes  activity  and  terminal  differentiation  of  myeloid  cells,  d)  A  new 
human  myeloid  leukemia  cell  line  has  been  isolated,  RDFD-2,  which  may  be  induced  to 
differentiate  in  vitro,  e)  A  model  of  rapidly  occurring  essential  fatty  and  dificiency 
(EFAD)  was  developed  in  monkeys  to  study  the  effects  of  EFAD  on  host-defense  functions 
of  neutrophils.  For  technical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Oct  82  -  '30  Sep  83. 

253 

.  .•«*#«*«  m  •  *flg^»** L«MJLj«n-wTMn- _ 

-  *  «- •  *mi1  IO«U  ARE  OllOl  I  T  (  OD  MMA  t  MOV  41 


i 


Project  3Mlbl 102BS10:  RESEARCH  ON  MILITARY  DISEASE,  INJURY  AND 

AND  HEALTH  HAZARDS 


Work  Unit  229  Military  He^toiogy 

Invest  igatorg  LTC  Daniel  G.  Wright,  MC;  LTC  Barbara  Alving,  MC; 

Dr.  Diane  Lucas,  GS-12;  LTC  John  Kark,  MC;  Mr. 
Charles  Harr,  C S— 12;  COL  William  Crosby,  MC;  LTC 
August  Salvado,  MC;  Dr.  Leo  Lui ,  GS-12;  Dr.  Jan 
Palmblar!  (NRC  Senior  fellow);  MAJ  Robert  Knight, 
MC  (WRAMC);  Dr.  Richard  Meagher  (IPA  Investigator 
from  Johns  Hopkins) 


Descript  ion 

Two  distinct  research  areas  have  been  explored  under  this 

work  unit  in  FY83. 

1 .  Studies  of  coagulation  and  plasma  proteins 

blood  coagulation  factors,  blood  platelets,  and  plasma 
proteins  (e.g.  the  kini n-ka 1 1 i kre i n ,  tibrolytic  and  complement 
systems)  are  critical  for  the  development  and  outcome  of  acute 
responses  to  traumatic,  thermal  ana  infectious  Injury. 

Studies  are  directed  at  changes  in  clotting  and  plasma 
proteins  and  in  platelets  during  trauma,  stress,  and  infection 
that  lead  to  clinically  significant  abnormalities  of 
hemostasis.  Studies  are  also  directed  at  understanding  the 
therapeutic  potential  of  intravenously  administered 
immunoglobulins  that  have  military  relevance. 

2.  Studies  of  blood  phagocytes 

Phagocytic  blood  leukocytes  are  critical  to  host  defense 
against  bacterial  and  fungal  infections  and  to  the  development 
and  outcome  of  inflammatory  responses.  Studies  of  human 
neutrophil  and  monocyte  function  have  concentrated  upon 
understanding  the  secretion  of  soluble  mediators  by  these 
cells  that  influence  the  iramunoresponsive  functions  of 
macrophages  and  lymphocytes  and  affect  connective  tissue 
disorganization  and  repair.  Studies  have  also  been  directed 
at  understanding  factors  that  regulate  the  production  of 
neutrophils  in  the  bone  marrow  and  that  influence  the 
distribution,  utilization,  and  function  of  these  phagocytes  in 
peripheral  tissues. 

Progress 

1 .  Studies  of  coagulation  and  plasma  proteins 

A.  Production  of  plasminogen  activator  by  leukemic  leukocytes 

Studies  of  the  synthesis  and  release  of  plasminogen 
activator  (PA)  by  the  human  leukemic  ceil  line,  HL-bU, 
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have  been  completed.  Previous  studies  hsve  shown  thst 
neoplastic  cells  from  patients  with  acute  myeloblastic 
leukemia  (AML)  release  PA  when  incubated  in  vitro.  This 
pro-coagulant  factor  may  contribute  to  the  occurrence  of 
disseminated  intravascular  coagulation  which  is  a  serious 
complication  of  AML  and  also  occurs  is  other  disease 
conditions,  c.g.  disseminated  Infections,  massive 
trauma.  The  HL-60  cell  line  provided  us  with  an 
opportunity  to  study  in  detail  the  synthesis  and  release 
of  PA  by  a  homogeneous  population  of  myeloid  cells.  The 
time  course  and  quantity  of  PA  release  by  HL-60  cells  was 
studied  under  normal  culture  conditions  and  in  the 
presence  of  various  inducing  agents.  PA  in  cell  culture 
supernatants  was  determined  in  tlve  presence  and  absence  of 
plasminogen  with  i^H]  TAME  or  S—  2251  as  the  plasmln 
substrate.  PA  was  defected  in  cell  cultures  by  3  days  and 
this  activity  increased  during  subsequent  culture. 
Production  of  PA  was  stimulated  3  fold  by  tetradecanoyl 
phorbol  acetate.  The  PA  generated  was  characterized  by 
SDS  gel  electrophoresis  techniques  by  which  gels  were 
placed  on  plasninogen-f ibrin-agar  indicator  plates. 
Molecular  weight  of  this  PA  was  similar  to  that  of 
urokinase  (54  Kd)  ar.d  was  neutralized  by  urokinase- 
specific  antibodies. 


Techniques  developed  in  these  studies  will  be  applied 
to  the  study  of  PA  and  tissue  factor  (a  potent  activator 
of  Factor  VII)  by  human  monocytes  infected  with  Dengue 
virus  and  intracellular  bacteria  such  as  leishmania,  and 
also  by  cultured  endothelial  cells. 


Development  of  a  dilute  phospholipid  APTT  assay 

The  activated  partial  thromboplastin  time  (APTT) 
requires  negatively  chatged  phospholipids  (PL)  which 
interact  with  Factor  VIIIc  and  factors  of  the 
prothrobinase  complex.  So-called  lupus  anticoagulants  , 
which  are  auto-antibodies  that  occur  in  certain  disease 
stales  directed  against  PL,  are  often  initially  detected 
by  their  noncorrectable  prolongation  of  the  APTT.  Because 
initial  studies  with  negatively-charged  liposomes  showed 
that  dilution  of  PL  in  the  APTT  system  increased  the 
sensitivity  of  lupus  anticoagulant  detection,  we  developed 
a  dilute  PL-APTT  assay.  In  study  of  a  series  of  plasma 
samples  which  demonstrated  noncorrectable  prolongation  of 
the  APTT,  this  dilute  PL-APTT  assay  proved  to  be  a 
sensitive  technique  tor  verifying  the  presence  of  lupus 
anticoagulants. 


Other  clinical  coagulation  studies 


Studies  were  begun  to  characterize  the  abnormal 
fibrinogen  that  may  occur  in  association  with  renal  cell 
carcinoma  or  with  hepatic  dysfunction.  Studies  of  a  rare 
kindred  with  hereditary  warfarin  resistance  were  completed 


which  demonstrated  that  abnormal  hepatic  transport  of  tha 
anticoagulant  drug,  warfarin,  or  altarad  binding  of  tha 
drug  to  proteins  Involved  in  vltaain  K  metabolism  caused 
tha  drug  resistance,  not  altarad  absorption  --r  clearance 
of  tha  drug.  Studiaa  of  a  series  of  patiai’f#  receiving  IV 
heparin  have  been  carried  out  to  correlate  heparin  levels 
with  routine  coagulation  tests  and  with  levels  of  anti- 
thrombin  Til,  a  potent  inhibitor  of  thrombin  and  Factor 
Xa,  in  order  to  refine  techniques  for  monitoring  heparin 
therapy  and  for  evaluating  heparin  kinetics. 

Studies  of  blood  phagocytes 

A.  The  regulation  of  myeloid  cell  maturation 

In  our  previous  studies  with  the  hisean  promyelocytlc 
leukemic  cell  line,  HLr60,  we  defined  changes  in  purine 
metabolism  that  conslstantly  occur  with  induced 
differentiation  of  these  immature  myeloid  cells.  Whan  ML- 
60  cells  are  exposed  to  compounds  that  induce  maturation, 
biosyntheele  of  guanylatca  from  the  central  Intermediate, 
IMP,  is  reduced  and  Intracellular  guanoslne  nucleotide 
(NTD)  pools  shrink.  Furthermore,  our  studies  suggested 
Chat  these  metabolic  changes  Involve  the  down-regulation 
of  the  enxyme  IMP  dehydrogenase  (IMPD),  leading  us  to 
discover  that  specific  inhibitors  of  IMPD,  such  as 
mycophenollc  acid  and  2-«-D-rlbof uranoeylthiazole-4- 
carboxamlde  (RTC),  are  potent  Inducers  of  HL-60  cell 
maturation.  Because  of  these  prior  observations,  we  have 
investigated  IMPD  in  induced  and  uninduced  HL-60  cells  in 
greater  detail.  IMPD  activity  in  cell  extracta  was 
measured  directly  with  a  tritium  release  assay  which  uses 
anion  exchange  columns  to  separate  ^H  liberated  during 
conversion  of  IMP  to  XMP.  Uninduced  HL-60  cells  had  high 
levels  of  IMPD  activity  <2.4  ±  .06  nmoles  IMP 
aetabolizod/mg  cell  protein  extracted/hr)  compared  with 
purified  hinan  blood  neutrophils  (0.45  ±  .08)  and 
monocytes  (0.65  ±  ,36).  When  HL-60  cells  ware  exposed  to 
retinoic  acid  (1(T"M),  diaethylformemide  (6xl0~^h),  or  RTC 
(10_t>M),  IMPD  levels  decreased  by  up  to  65X,  80S,  and  88X 
respectively  within  3  to  12  hrs.  of  culture.  Markedly 
decreased  levels  c£  IMPD  activity  persisted  thereafter  and 
preceded  functional  maturation  of  the  cells  (phagocytosis 
and  NBT  reduction)  by  at  least  24  hr#.  These  findings 
have  lent  further  support  to  our  concept  that  tha  activity 
of  IMPD  may  be  critical  to  the  regulation  of  cellular 
maturation,  and  are  consistent  with  prior  observations 
that  high  levels  of  this  enzyme  are  associated  vith 
neoplaatic  transformation. 
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B .  Isolation  of  a  ntw,  hum.' 
KOFD-2 


fluid  leukemia  cell  line, 


A  continuously  maintained  call  line,  .1DFD-2,  was 
successfully  Isolated  by  tissue  culture  of  peripheral 
blood  leukemic  blood  cells  from  a  36  y.o.  man  with  acute 
myelogenous  leukemic  {FAS  class  Ml).  The  cells  were 
established  In  tissue  culture  by  lnnoculatlon  into  RFM1 
1640  media  supplemented  with  2Ui  fetal  bovine  serum  ( F  b  S ) , 
Insulin,  transferrin,  selenium,  .ad  lot  PHA  stimulated 
lusnan  lymphocyte  conditioned  media  (LCM).  During  b  wks  ot 
culture  passage,  the  LCM  was  gradually  withdrawn  and  the 
FbS  concentration  reduced.  Uice  established  in  stable 
maintenance  culture,  these  cells  demonstrated  a  limiting 
but  appreciable  capacity  to  undergo  induced,  functional 
maturation  along  myeloid  lines  when  exposed  to  Inducers 
such  ss  retinoic  acid  and  d lme t hyl f oraaaide.  Depending  on 
Induction  eondtlons,  1 5— SOX  ot  cells  developed  the 
differentiated  myeloid  functions  of  phagocytosis  snd  NST 
reduction.  When  the  RDFD-2  cells  were  cloned  by  limited 
dilution  In  standsrd  maintenance  media,  6  derivltlve  lines 
were  Isolated  that  showed  no  response  to  Inducing  agents, 
while  4  other  clones  expressed  different  but  stable 
degrees  of  Induced  maturation  (14-92?  maturation  by  6 
days'  induction).  The  Inducible  clones  were  found  to  have 
shorter  doubling  times  (27-35  hr)  than  did  non-lnducible 
clones  (46-52  hr).  These  cell  line  derivitives  of  the  new 
human  nyelold  line,  RDFD-2,  should  prove  useful  In 
understanding  cellular  mechanisms  that  regulate  terminal 
differentiation  in  myeloid  cells. 


Studies  of  neutrophil  function  In  essential  tatty  acid 
be  f  1  c  le  ncy 


A  model  of  essential  fatty  scld  deficiency  (LFAD)  has 
been  developed  In  monkeys  in  order  to  study  Its  effects 
upon  the  host  defense  functions  of  neutrophils.  Essential 
fatty  acid,  linolelc  acid.  Is  required  In  the  diet  ot  all 
mammals,  Including  humans,  in  order  to  form  the  normal  20- 
carbon  derivltlve  of  linolelc  acid,  arachtdonate. 

Arachl donl c  acid  Is  Incorporated  Into  the  phospholipid 
constituents  of  cell  membranes  snd  appears  to  be  very 
important  In  propogating  receptor  mediated  signals  that 
stimulate  cells  to  carry  out  their  specific,  normal 
functions.  Arachtdonate  metabolism  appears  to  be 
particularly  Important  In  the  stimulus-response  coupling 
of  neutrophils,  which  are  the  principal  blood 
phagocytes.  Linolelc  arid  deficiency  was  produced  in 
monkeys  by  total  lntravenoia  alimentation  using  solutions 
that  delivered  carbohydrate  calories,  and  vitamins  but  no 
fat.  Monkeys  receiving  fat-free  IV  nutrition  were 
compared  with  control  animals  Char  received  the  same 
preparations  but  with  fat  emulslns  (lntra-llpid)  added. 
These  experimental  conditions  are  analogous  to  those  of 

262 


post-surgical  or  post-trauma  patients  who  must  receive  all 
their  nutrition  intravenously.  In  monkeys  not  given 
lipid,  biochemical  evidence  for  essential  fatty  acid 
deficiency  was  clearly  evident  by  one  week  and  progressed 
during  the  subsequent  2  weeks  of  three  week  experimental 
periods.  While  marked  decreases  in  plasma  l^pld  and 
leukocyte  membrane  lipid  linoleic  acid  levels  occurred 
first,  by  2  1/2  weeks  there  was  also  a  significant 
decrease  in  leukocyte  membrane  arachldonate  levels. 

Several  different  monkey  species  were  evaluated  in  these 
studies  before  finding  that  the  African  Green  monkey  was 
the  best  tor  study  by  being  most  able  to  tolerate  the 
experimental  model,  and  by  having  neutrophils  with 
separation  characteristics  most  similar  to  humans.  Study 
of  functional  changes  in  the  neutrophils  from  EFAD  is 
still  in  progress. 

Future  Plans 


Studies  of  coagulation  and  plasma  proteins  and  of  blood 
phagocyte's  will  continue  in  KY84  along  lines  of  work  carried  out 
in  the  past  three  years.  These  studies  will  continue  to  Include 
investigations  in  to  the  character  and  function  of  glycoproteins 
of  human  neutrophil  secondary  granules  (discussed  in  previous 
animal  reports  tinner  this  work  unit)  on  inflammatory  cell  function 
and  on  the  regulation  of  granulopoiesis. 
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(U)  Surface  Antigens;  (U)  Gene  Cloning;  (U)  Transport  Receptors;  (U)  2-D  Gel  Analysis 


jll  0*^«CT»vc.®  J4  4»»MO«CK,  It.  f  r»~*v«A  »«*•<>•**<  *r  •«»*•  **•*•+•  •/  •«*  <:•*•; 

23.  (U)  The-  objective  of  this  work  unit  is  to  investigate  the  biochemistry  and 
molecular  biology  of  cell  surface  membranes  as  they  relate  to  processes  of 
antigenicity,  nourishment,  dif ferentlation  and  multiplication.  Membranes  will  be 
studied  in  parasites  with  a  view  to  elucidating  surface-associated  processes  that 
will  afford  the  development  of  inraunoprophv  lact  lc  and/or  chemotherapeutic  protection 
of  military  personnel  against  tropical  diseases  of  military  importance. 

24.  (U)  Surface  antigens  are  studied  by  application  of  recombinant  DNA,  gene 
cloning,  restriction  analysis  and  probe  hybridization  techniques.  Radiolabeled 
ligands  are  employed  to  determine  transport  processes  and  surface  receptors.  2-D  gel 
e  1  ec t ropfiores is  is  used  to  characterize  surface  antigens  of  Isolated  membranes. 

23.  (!!)  82  10  -  8"*  09  Adenosine  binding,  sites  of  leishmanial  promas  t  i  got  es  have 

been  c ha r ac t e r  1  zed  by  use  of  radiolabeled  ligands  eye loliexy 1 adenos i ne  and  phenyl- 
i sopropy ladenos  i  ne  .  Double-stranded  cDKA  of  va riant -sped f i c  trypanosomes  has  been 
cloned  into  suitable  host/vector  systems.  Nuclear  DNA  has  been  isolated  and 
restricted  for  cloning  into  a  cosnid  vector.  Antiserum  to  CT  Wellcome  strain 
flagellar  pocket  antigens  has  been  used  to  demonstrate  that  genes  coding  for  the 
antigens  are  conserved  in  other  variant-specific  trypanosomes.  Whole  cell  and 
surface  connonents  of  I.eishoania  Spp.  have  been  analyzed  by  2-D  g,el  electro¬ 
phoresis.  Protein  patterns  for  each  species  are  distinctive  and  contain  serveral 
protein  spots  that  appear  to  he  species  specific.  These  latter  findings  are  being 
correlated  with  translation  products  precipitated  with  human  antisera  and  analyzed 
by  polyacrylamide  gel  electrophoresis.  For  technical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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PROJECT:  3M161 102BS10  BASIC  RESEARCH  OH  MILITATY  DISEASES 


WORK  UNIT:  230  Biological  Roles  of  Surface  Membrane  Components:  Parasite 
Model  Systems 

INVESTICATORS: 

Principal:  John  C.  Olenick,  Ph.D. 

Associate:  Ruth  Geller,  Ph.D.;  Brian  D.  Hansen,  Ph.D. 

Assistar.  :  SP5  Roberto  Ayala-Medina;  SP4  Lynn  Decker;  John  A. 

Kintzios,  M.S.;  SP5  Jose  Pere~- Arbelo;  CPT.  Ruthann  Smejkal 

The  objective  of  this  work  unit  is  to  investigate  the  biochemistry 
and  molecular  biology  of  cell  surface  membranes  as  they  relate  to 
processes  of  antigenicity,  survival,  nourishment,  multiplication  and 
differentiation.  Membranes  are  studied  in  parasitic  protozoa  with  a  view 
to  revealing  and  elucidating  surface-associated  processes  that  will  afford 
the  development  of  immunoprnohy lactic  and/or  chemotherapeutic  protection 
of  military  personnel  against  leishmaniasis,  trypanosomiasis  or  other 
tropical  diseases  of  military  importance.  The  following  investigations 
were  conducted: 


1  . 


3. 

4. 


5. 


6. 


Adenosine  receptor  binding  in  promastigotes  of  Lelshmanla  Spp. 

Fluorochromatic  detection  of  viable  intra-  and  extra-cellular 
lelshmanla. 

Cloning  of  genes  for  Trypanosoma  rhodeslense  variant-specific 
glycoproteins. 

Cloning  of  genes  for  Trypanosoma  rhodeslense  flagellar  pocket 
antigens. 

2-D  gel  analysis  of  whole  cell  and  surface  components  of 
Lelshmanla  Spp. 


Cloning  of  genes  for  surface  components  of  Lelshmanla  Spp. 


1.  Adenosine  Receptor  Binding  in  Promastigotes  of  Lelshmanla  Spp. 

Since  Lelshmanla  Spp.  lack  the  ability  to  synthesize  purines  de  novo, 
the  host  organism  supplies  a  primary  source  of  the  purine  ring,  the 
nucleoside  adenosine.  Following  our  study  showing  drug  (Thiosemicarbazone 
H)  inhibition  of  adenosine  transport  and  adenosine  ligand  binding  to  the 
cell  surface  membrane,  a  '"urther  study  was  conducted  to  characterize  the 
nature  of  adenosine  binding  to  the  surface  membrane.  Initial  experiments 
measured  the  total,  specific  ana  nonspecific  binding  of  JH-cyclohexyl- 
adonosine  (CHA)  to  the  promastigote  surface  over  Increasing  incubation 
periods  from  15  seconds  to  120  minutes.  Interestingly,  specific  binding 
equilibrated  in  approximately  30  seconds,  suggesting  high  affinity  binding 
of  adenosine  to  the  receptor.  This  equilibration  of  ligand  binding 
continued  through  15  minutes  followed  by  a  significant  linear  increase 
through  120  minutes.  This  apparent  increase  of  liganu  bound  may  be  due  to 
internalization  and  metabolism  of  tl-CHA.  Therefore,  all  CHA  receptor 
studies  were  conducted  for  2  minute  incubation  periods.  Similar  results 
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were  obtained  when  using  an  additional  adenosine  agonist,  H-phenyl- 
i sopropy ladenos i ne .  Dissociation  constants  for  the  specific  binding  of 
radiolabeled  ligand  tested  were  determined.  Studies  are  currently  under¬ 
way  utilizing  isolated  leishmanial  membranes. 

2 .  F 1 uoroch roma 1 1 c  Detection  of  Viable  1 n t race i 1 n 1  a r  and  Extracellular 
Le 1 s  hman i a . 

Viability  assavs  are  essential  for  parasite  drug  development  and 
i mmunologi ra 1  research.  Although  metabolic,  staining  and  replication 
procedures  have  been  used  to  test  parasite  viability,  numerous  problems 
have  arisen.  Therefore,  a  color  epi f  luorescence  microscope  procedure  was 
developed  utilizing  fluorescein  diacetate  (FDA)  and  ethidium  bromide 
(E  R).  Esterases  within  living  cells  convert  nonf  luorescent  FDA  to 
fluorescein,  inducing  a  striking  vellow-green  fluorescence.  Dead  cells, 
larking  esterase  activity,  yield  no  fluorescence  when  exposed  to  FDA 
although  KB  is  rapidly  accumulated.  Complexes  of  E8  and  nucleic  acids 
cause  dead  cells  to  fluoresce  red.  The  present  study  demonstrated  that 
both  promast  igot..  and  i  n  t  race  1  1  u  1  ar  amastigotes  (within  murine 
macrophages)  will  fluoresce  red  if  dead  and  green  if  live.  Dead  cells 
used  as  controls  were  killed  via  formalin  fixation.  Growth  curves  of 
formalin-killed  promas 1 1  go t es  were  plotted  to  confirm  cell  death. 

Forma  1 i n-t i xed  extracellular  amastigotes  were  confirmed  dead  by  their 
inability  to  transform  to  the  promastigote  form. 

3 .  Cloning  of  Genes  for  Trypanosoma  rhodesiense  Variant-Specific 
G 1 vcop  ro t  e ins. 

Utilizing  recombinant  DNA  technology,  this  project  seeks  to  elucidate 
the  mechanism  of  antigenic  variation  in  the  African  salivarian  trypano¬ 
soma,  T  rvpanosoma  rhodes  tense  .  It  has  previously  been  shown  that  this 
variability  resides  in  the  protein  moiety  of  the  variant-specific  surface 
g] vcopt rot e i n  (VSG).  Antisera  have  been  raised  in  rabbits  to  purified 
VSGs  from  a  number  of  trypanosoma  isolates  expressing  different  VSGs 
(VATs).  We  have  used  such  antisera  to  detect  messenger  RNA  populations 
coding  for  specific  VSGs  bv  translation  in  a  rabbit  reticulocyte  lysate 
svsten  followed  bv  immunopreci pi  tat i on ,  po 1  vac r v 1  ami de  gel  electrophoresis 
and  autoradiography.  Some  of  these  populations  have  been  further  frac¬ 
tionated  according  to  size  in  me t h v 1  me rcu r i cbvd roxi de-con t a  ini ng  agarose 
gels.  Messenger  RNAs  were  than  used  to  prime  cDNA  synthesis  using  AMV- 
reverso  transcriptase  md  DNA  polvraerase  I  (Klenow  fragment).  Resulting 
double-stranded  cDNAs  were  cloned  Into  suitable  host/vector  systems  after 
treatment  with  Sj  nuclease  and  terminal  deoxvnuc  leot ldy  1  transferase. 
Transformants  are  currently  under  Investigation  to  identify  those  contain¬ 
ing  VSG  sequences.  In  parallel,  nuclear  DNA  has  been  isolated  from  T_. 
rhodes 1 e nse  variants  and  restricted  for  cloning  into  a  cosmid  vector. 

Both  appro a  hes  are  necessary  to  fully  characterize  the  loci  coding  for 
the  VSGs  and  their  controlling  elements. 

A .  Cloning  of  genes  for  Trypanosoma  rhodesiense  Flagellar  Pocket 
Antigens. 
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Although  the  VSC  is  the  major  suface  component  of  T_.  rhodesiense , 
there  is  another  much  smaller  group  of  proteins  localized  in  the  flagellar 
pocket  (flagellar  pocket  antigens-  FPA).  To  test  iwhether  these  remain 
invariant  from  one  VAT  to  another,  an  antiserum  raised  in  rabbits  by 
Injection  of  purified  FPA  from  CT  Wellcome  strainj  was  obtained  from  Dr. 
John  McLaughlin  of  the  University  of  Miami.  Messenger  RNA  from  two 
variants  currently  in  use  in  the  laboratory  was  used  to  prime  a  cell-free 
trans-lation  system  (rabbit  reticulocyte),  the  translation  reacted  with 
the  FPA-specific  antiserum  and  the  resulting  complexes  analyzed  by 
polyacrylamide  gel  electrophoresis  and  autoradiography .  Each  variant 
contained  sequences  which,  when  translated,  coded  ;for  identical  proteins 
as  recognized  by  the  heterologous  FPA  antiserum.  We  are  currently 
examining  the  accessibility  of  the  flagellar  pocket  antigens  to  antibody 
recognition  in  situ.  Pending  the  outcome  of  these!  accessibility  studies, 
messenger  RNAs  coding  for  these  antigens  will  be  cloned  into  suitable 
vectors.  Sequences  from  cDNA,  as  well  as  genomic  banks,  will  be  cloned 
into  suitable  sequencing  and  expression  vectors  toj  study  the  structure  of 
these  antigens  and  the  feasi-hility  of  using  these  antigens  for 
immunoproophv laxi s . 


5 .  2-D  Cel  Analysis  of  Whole  Cell  and  Surface  Components  of  Leishmania 

Ice.- 

This  study  is  designed  to  identify  relevant  surface  antigens  on 
I.eishmania  Spp.  with  the  view  of  developing  imnunoprophylactic  protection 
of  military  personnel  against  these  parasitic  protozoa  and/or  a  rapid, 
simple  and  reliable  method  of  identifying  and  discriminating  among  various 
species.  Accordingly,  antigens  which  are  common  to  the  various  species, 
as  well  as  unique  to  a  single  species,  are  of  interest.  Three  phylo- 
genetically  separate  species,  L.  donovani  donovanl  L_.  brazi  liensls 
panamensis  and  L_.  mexteana  mexicana,  were  chosen  for  study.  Whole  cell 
preparations  of  promast igotes  were  made  and  subjected  to  isoelectric 
focusing  in  the  first  dimension  and  SDS-pol vacry lamide  gel  electrophoresis 
on  slab  gels  in  the  second.  The  slab  gels  of  each  species  were  stained 
for  protein  using  silver  stain  and  compared  with  those  of  other  species. 
Differences  in  the  protein  patterns  obtained  were  quite  evident  and 
reproducible.  Cell  membranes  from  each  species  were  also  isolated  and 
subjected  to  two-dimensional  po lyacry lami de  gel  electrophoresis.  The 
protein  patterns  obtained  from  each  species  were  distinctive,  containing 
several  protein  spots  that  appeared  to  be  species  specific.  In  collabo¬ 
ration  with  Ms.  Mary  Kay  Gentry,  Department  of  Biological  Chemistry,  mice 
have  been  immunized  with  whole  cell  preparations  of  Leishmania  Spp.  to 
begin  the  production  of  monoclonal  antibodies. 


For  all  species  of  Leishmania  thus  far  studied,  there  appear  to  be 
surface  components  which  are  species  specific  and  components  which  appear 
common  to  all.  To  determine  whether  these  differences  and  similarities 
reside  in  the  protein  or  in  the  sugar  moieties  of  these  surface 
components,  translation  products  of  nonglyco-*; lating  lysates  (rabbit 
reticulocyte)  primed  with  messenger  RNA  from  Leishmania  Spp.  studied  above 
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observed  with  both  homologous  and  heterologous  antisera.  Work  is 
currently  underway  to  define  these  si  pi 1  a r i t i es  and  differences  and  to 
correlate  these  findings  with  the  2-D  gel  patterns  previously  obtained. 

PROJECTED  STUDIES 


Studies  on  the  biochemistry  and  molecular  biology  of  surface  mem¬ 
brane-associated  phenomena  in  parasitic  protozoa  will  continue.  Specific 
a i ms  i nclude : 

1.  Continuation  of  studies  on  adenosine  receptor  binding  and  the 
effect  of  ant i le i shmani a  1  compounds  on  the  binding. 

2.  Continuation  of  studies  on  the  molecular  basis  of  antigenic 
variation  in  trypanosomes  to  include  the  isolation  of  cDNA  and  genomic 
clones  containing  sequences  coding  for  VSGs  and  for  FPA  and  the  sequencing 
of  isolated  clones  to  determine  the  orgauizat ion  of  genes  and  controlling 
e lements . 

3.  Continuation  of  studies  on  2-D  gel  analysis  of  Leishmania  Spp.  to 
include  additional  species  in  order  to  determine  interspecific  similar¬ 
ities  and  differences  providing  groundwork  for  the  development  of  immuno¬ 
prophylaxis  and  rapid  assay  protocols.  Polyclonal  and  monoclonal  anti¬ 
bodies  will  continue  to  be  generated  as  probes  for  studying  proteins  and 
translation  products  of  Leishmania  Snp. 

4.  Determination  of  the  2-D  gel  protein  patterns  of  Leishmania  Spp. 
amastigotes  and  axenic  amastigotes  and  comparison  with  the.  protein 
patterns  of  promas t i got es .  This  will  provide  Informaiton  as  to  whether 
the  more  easily  obtained  axenic  amastigotes  are  a  valid  model  for  studying 
the  membrane  composition  of  amastigotes. 
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23 - (U)  To  determine  medical  risks  to  soldiers  with  sickle  cell  trait  (SCT)  who  may  be 
assigned  to  special  military  roles,  such  as  Army  aviation,  which  require  performance 
during  hypoxia.  To  perform  studies  of  changes  produced  in  their  red  cells  by  sickling 
to  determine  whether  a  laboratory  test  can  be  devised  capable  of  predicting  the  rela¬ 
tive  susceptibility  of  SCT  soldiers  to  complications  of  sickling  as  revealed  in  alti¬ 
tude  chamber  studies.  These  studies  are  important  to  Army  aviation,  because  of  its 
unique  requirement  to  carry  out  missions  in  hypoxic  environments,  and  because  of  a  lack 
of  data  which  define  the  incidence  and  degree  of  medical  risk  to  individuals  with  SCT. 

24.  (U)  A  prospective,  controlled  study  of  the  physiologic  effects  of  hypoxia  in  an 
altitude  chamber  upon  SCT  aviator  candidates  and  controls,  using  exposure  similar  to 
mission  conditions  and  identical  to  aviation  training.  Special  procedures  will  include 
analysis  of  hemoglobins,  accurate  diagnosis  of  thalassemias,  E.M.  studies  of  red  cells 
to  identify  subtle  levels  of  sickle  changes,  use  of  autologous  51-Cr-RBC  transfusion  to 
measure  hemolysis  and  splenic  sequestration.  SCT  cells  from  studied  individuals  will  be 
examined  before  and  after  in  vitro  sickling  for  changes  in  size  and  density  distribution, 
f ilterability,  51-Cr-RBC  adherence  to  endothelium,  hemoglobin  binding  by  cell  membranes, 
cation  and  anion  permeability,  polymerization  of  Hb  S  and  levels  of  ATP,  2-3-DPG  by  NMR 
studies  of  intact  red  cells. 

25.  (U)  82-10  -  83  09  a)  Seven  of  12  pairs  of  study  subjects  have  completed  hypobaric 

chamber  studies,  and  preliminary  data  has  been  acquired  concerning  altitude  related 
changes  in-vivo  sickling,  pulmonary  blood  flow,  arterial  SaO^ ,  splenic  sequestra- 
:ion  of  Cr-labeled  RBC,  plasma  factor  VIII  levels,  RBC  cell  density  and  size,  urinary 

concentrating  capacity.  For  technical  report,  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  l  Oct  82  -  3C  Sept  83. 
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Project  3M 161 102BS1Q;  RESEARCH  ON  MILITARY  DISEASE,  INJURY  AND  HEALTH  HAZARDS 

Work  Unit  231  Studies  of  Military  teraortnel  with  Sickle  Gell  Trait  (SCT) 

Invest lgators  LTC  John  A.  Hark,  MC;  LTC  Daniel  G.  Wright,  MC 

MAI  Janies  Canik,  MC  (AE1P);  LTC  David  Posey,  MC  (AE1P) 


Description 


Individuals  with  sickle  cell  trait  (SCT)  may  now  enter  previously 
restricted  MOS  which  involve  exposure  to  hypoxia  and  other  stresses  that  can 
cause  intravascular  sickling  in  people  with  SCT  and  have  been  infrequently 
reported  to  cause  medical  complications.  The  frequency  and  severity  of 
complications  in  SCT  individuals  going  through  usual  Army  aviation,  high 
altitude  parachute,  and  deep  sea  diving  training  and  missions  is  unknown.  It 
is  possible  that  previous  infrequent  reports  of  such  complications  reflected  a 
small  percentage  of  individuals  more  susceptible  to  such  complications  than 
the  usual  person  with  SCT.  It  is  important  to  be  able  to  identify  such  a 
subgroup  of  SCT  individuals  at  greater  risk.  Better  understanding  of  events 
leading  to  deformed  sickled  cells  and  vascular  obstruction  by  sickled  cells  is 
needed  in  order  to  develop  definitive  subclinical  tests  for  the  risk  Involved 
in  hypoxia  alone  or  with  other  stresses. 


Army  missions  Involve  a  unique  requirement  for  performance  in  specialized 
military  environments  which  cause  hypoxia,  at  least  equivalent  to  an  altitude 
of  14,000  to  15,000  feet,  at  times  combined  with  heat  exposure,  dehydration, 
and  exertional  stress.  These  requirements  are  evident  for  Army  aviation,  high 
altitude,  high  altitude  parachute  corps,  and  deep  sea  diving.  Entry  of 
individuals  with  SCT  (7-10%  of  American  Blacks)  into  these  duties  poses  the 
immediate  problem  of  determining  the  medical  risks  resulting  from  the 
potential  for  intravascular  sickling,  and  the  impact  of  such  risks  on  the 
missions.  Required  information  does  not  exist  to  specify  appropriate  medical 
regulations.  Laboratory  tests  which  could  be  used  to  identify  the  level  of 
risk  for  given  envi ronmental  conditions  are  needed. 


Hypoxic  exposures  in  an  High  Altitude  Chamber  will  be  induced  in  graded 
levels,  to  reproduce  the  aviation  training  protocol  in  a  prospective, 
controlled  study  of  the  susceptibility  of  SCT  aviator  candidates  to 
subclinical  and/or  clinical  complications  of  hypoxia.  Later,  these 
physiologic  studies  will  examine  exercise,  heat  and  dehydration,  and 
combination  of  these  stresses  with  hypoxia,  as  needed  to  reproduce  mission 
conditions.  Special  techniques  will  include  ul t rast ructural  studies  of 
reversible  and  irreversible  sickled  cells,  studies  of  survival  an.)  splenic 
sequestration  of  autologous  51-Cr-RBC,  and  special  studies  of  renal  and 
pulmonary  physiology.  Well  studied  SCT  individuals  and  controls  will  be 
stratified  by  level  of  SCT-complicat ions ,  and  will  serve  as  a  source  for 
intensive  study  of  red  cell  characteristics  which  might  predict  susceptibility 
to  vascular  compli cat  ions  of  sickling.  NMR  will  be  used  to  measure  extent  to 
Hb  5  polymerization  and  ATP  levels  of  intact  V  n  Changes  in  KBC  density 
distribution,  using  a  Ftercoll  gradient,  KBC  si  Ji st ri butlon ,  using  a  Coulter 

channellyzer,  hemoglobin  binding  by  RBC  membranes,  cation  and  anion 
permeability,  f i 1 te rabi li ty  ,  and  adhe'ence  of  RBC  to  endothelial  cultures  in 
response  to  controlled  hypoxia  in  toi. outers  will  be  correlated  with  the 
clinical  stratification. 
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Progress 


1 .  Study  of  altitude  chamber  falnlng  for  Individuals  with  Sickle  Cell  Trait 
(SCT). 


A  preliminary  study  of  ear  oximetry  in  normal  volunteers  exposed  to 
various  degrees  of  altitude  -  simulated  hypoxia  In  a  hypobarlc  chamber  was 
completed  and  has  defined  normal  values  for  this  measurement.  Substantial 
progress  was  made  in  completing  the  protocol  "A  Study  of  Altitude  Chamber 
Training  for  Individuals  with  Sickle  Cell  Trait".  The  original  plan  was  to 
study  10  pairs  of  subjects,  and  seven  pairs  have  been  studied  in  FY  1983. 

This  collaborative  effort,  administered  by  LTC  Kark,  has  involved  3  Depts  at 
WRA1R,  a  Div.  at  AFIP,  and  five  Divisions  or  Departments  at  WKAMC.  Analysis 
of  all  data  obtained  on  these  study  subjects  is  incomplete.  Nonetheless, 
preliminary  data  analysis  indicates  that  (1)  in  vivo  sickling  in  SCT 
individuals  is  trivial  at  ground  level  (less  than  0.2Z),  but  increases  to  a 
maximum  of  2-52  at  altitudes  of  14,000  to  18,000  feet  following  about  15  min. 
of  hypoxia.  More  severe  hypoxia  for  shorter  time  periods  at  20, 22, end  25  x 
103  ft.  produces  declining  sickle  cell  counts  to  about  0.22  for  the  shortest 
flight  (5  min  at  25,000  ft.),  indicating  that  time  of  exposure  to  hypoxia 
above  14,000  is  the  most  important  determinant  for  the  accumulation  of  sickle 
cells  and  any  Increased  risk  of  vascular  obstruction  associated  with 
sickling.  As  expected  Sa02  values  an  altitude  were  lower  for  HhAS  subjects  (4 
mm  Hg),  but  such  differences  are  unlikely  to  be  physiologically  Important. 

The  only  significant  change  in  orgain  function  related  to  hypoxia  and  HbAS  was 
the  occurrence  of  diffuse  small  patches  of  non-perfused  areas  in  the  lung  in 
scans  made  post-hypoxia.  This  alteration  in  perfusion  pattern  does  not 
necessarily  imply  any  pathologic  change,  and,  indeed,  individuals  who 
demonstrated  this  change  all  had'notmal  Stage  1  incremental  exercise  tests  and 
other  pulmonary  function  tests.  Data  for  RBC  survival  and  splenic 
sequestration  of  RbCs  (using  51-Cr-label)  have  not  been  fully  analyzed  to 
date,  although  no  gross  abnormalities  have  been  evident  in  SCT  subjectson 
inspection  of  individual  data  Plasma  values  for  Factor  VIII  activity,  a 
coagulant  protein  released  by  endothelial  cells,  appears  to  increase  for  all 
individuals  exposed  to  hypoxia,  with  greater  increments  at  intermediate 
altitudes  for  those  with  HbAS  who  had  lung  perfusion  changes.  Differences  in 
cell  density  and  size  profiles  and  rates  of  in  vitro  sickling  were  noted  for 
participants  with  HbAS,  but  have  not  yet  been  correlated  with  clinical  data. 
All  individuals  with  HbAS  had  reduced  maximum  urinary  concentration,  but  this 
remained  stable  with  hypoxic  exposure  and  hematuria  was  not  induced  by 
altitude  exposures. 

2.  Study  of  sudden  unexpected  deaths  among  recruits  during  basic  combat 
t  raining. 

An  epidemiologic  survey  of  sudden  unexpected  death  (SlID)  of  recruits  with 
and  without  sickle  cell  trait  (SCT)  in  basic  combat  training  (BCT)  was 
continued  in  collaboration  with  AFIP  (principal  investigator,  David  Posey, 
LTC).  All  but  4  local  bases  have  been  visited,  and  increased  differences  in 
the  population  corrected  death  rate  for  recruits  in  all  military  forces  for 
1977-1981  for  SCT  recruits  versus  non-tested  recruits  has  continued  to  be 
documented.  This  important  observation  requires  a  review  of  spleen  pathology 
and  completion  of  the  suevey  of  local  pcthology  reports  before  final  results 
can  be  summerized  and  conclusions  reached.  Nonetheless,  results  at  present 
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Indicated  that  thrre  is  a  70  to  40  fold  increase  in  corrected  rate  of  SUD  for 
SCT  recruits  during  BCT  compared  with  non-tested  recruits  (e.g.  those  not 
known  to  have  SCT). 

3  •  Basic  stdles  on  sickle  hemoglobin 

(11  Studies  have  I  been  completed  which  define  the  ability  of  pyridoxal 
phosphate  to  enter  Hb<S  containing  red  cells  more  rapidly  than  normal  rod 
cells,  to  react  with  HbS  and  to  inhibit  sickling  by  a  mechanism  different  from 
pyridoxal  (previously : described  by  our  laboratory).  This  agent  has  been  shown 
;o  improve  oxygen-transport  in  red  cells,  in  contrast  with  most  protein- 
modifying  antisicklir.g  agents.  This  principal  intracellular  form  of  vitamin 
B^  has  been  found  to  have  very  low  toxicity  in  animal  studies,  as  well  as  in 
its  clinical  use  in  humans.  (2)  Initial  methods  are  being  worked  out  in  a 
human  study  "Anion  permeability  of  sickle  cell  trait  red  cells"  (WRAMC  #9021- 
82)  and  an  animal  study  "Survival  of  ovridoxal-hemoglobin  in  the  circulation" 
(WRAIR  primate  protocol  #014-81)  for  the  potential  use  of  pyridoxal  phosphate 
as  an  ?.iti-sick ling  agent.  (3)  A  case  3tudy  of  rare  Hb  H  disease  in  a  Black 
Army  man  ha3  led  to  the  "Identification  of  a  rare  alpha-thalassemia-1 
deletion".  Also,  a  case  study  of  an  aviator  with  a  rare  Hb  variant  combined 
with  Hb  S  has  led  to  the  recognition  that  such  a  combination  of  variant  Hb  S 
is  equivalent  to  sickle  cell  trait  for  purposes  of  determining  his 
participation  in  aviation. 

4 ,  Consul  tat  ions  ! 

Consultation  has  been  provided  on  -he  risks  of  aviation  for  individuals 
with  sickle  cell  trait  for  the  Aeromedi.-al  Consultation  Advisory  Panel,  at  Ft. 
Rucker,  Al.  Consultation  concerning  the  medical  ris'-cu  for  military  memoers 
with  SCT  has  also  been  provided  to  TSG.  *o  the  Hematology  Consultant  to  TSG, 
to  the  Preventive  Medicine  brand,  CTSG,  a~,a  to  USAMRDC.  In  addition, 
consultation  has  b°en  provided  for  the  drav;ing  up  of  a  ten  year  plan  for 
research  ar!d  management  of  medical  probiav.s  related  to  sickle  cell  trait  in 
the  US  Army,  at  the  request  of  TSG  and  MfTC. 

Future  Plans 


1.  Completion  of  studies  outlined  above.  2.  Initiation  of  studies  of 
operational  flight  hypoxia  for  sickle  cell  trait  aviators  compared  with 
controls.  ?.  Field  study  of  NATO  altitude  training  for  SCT  aviator 
eand  1  da  tes/av  la  to’-s  .  ;4.  Prospective  st  jdy  of  SUD  in  BCT  and  in  other 
military  training:  possible  relation  to  non-fatal  admissions  with 
rhabdomyoly 3is .  S.  Survey  of  biophysical  techniques  which  might  be  applied 
to  a  practical  test  to  identify  individuals  at  risk  for  complications  related 
to  invivo  sickling  from  HbA3. 
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23(D)  To  study  and  define  the  ul  trastructural  bases  of  the  pathogenesis  of  various 
injuries  and  diseases  of  military  Importance.  Of  particular  Interest  are  the  structure 
and  function  of  organs  participating  in  oral  immunity  production,  the  nature  of  surface 
proteins  of  protozoans  as  related  to  vaccine  development,  injury  to  the  gastrointesti - 
ial  system  by  Shigella  toxin,  and  repair  of  tracheal  injuries. 

?4{!.;)  Conventional  ul  trastructural  techniques,  includinq  transmission  and  scanniro 
.“lectron  microscopy,  as  wnll  as  enzyme  histochemistry,  irmunochemistry,  neoative 
'.taming,  and  autoradiography , 
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82  10  -  83  O'1  Morphologic  characteristics  of  gut  immune  organs  were  studied  to 
ielp  understand  functional  considerations  which  effect  mucosal  immunity.  A  technique 
,o  process  small  numbers  of  Trypanosomes  for  electron  microscopy  has  been  devised  and 
/ill  be  used  to  help  localize  surface  antigens.  Surface  characteristics  of  tracheal 
•pit hr*  1 ial ' repair  worn  characterized  hy  scanning  electron  microscopy  and  will  aid  in 
■valuation  of  tracheal  damage  caused  hy  blast  overpressure.  A  new  theory  of  rickettsia 
iff  cycle  has  been  forwarded,  based  on  morphologic  studies,  for  technical  report  see 
he  Walter  Reed  A, -my  Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83 
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Project  3M1611028S10  RESEARCH  ON  MILITARY  DISEASES,  INJURY,  AND 
HEALTH  HAZARDS 

Work  Unit  235  Ultrastructural  Study  and  Definition  of  Diseases  of 
Military  Importance 

Investigators: 

Principal:  Wallace  B.  Baze,  MAJ,  VC 
Kevin  P.  Keenan,  MAJ,  VC 
Tatsuo  Hase,  MD 
Douglas  D.  Sharpnack,  CPT,  VC 
Assistants:  Eugene  F.  Bernard 

Edward  A.  Asafoadejel 

Description: 

The  primary  purpose  of  this  work  unit  is  to  define  histo¬ 
pathologic  manifestations  of  experimentally  Induced  Injury  or 
disease  which  present  current  or  potential  problems  to  military 
personnel.  Of  particular  Interest  are  those  aspects  of  Injury  or 
disease  which  are  best  studied  at  the  ul trastructural  level.  A 
multidisciplinary  approach,  including  conventional  histology, 
histo-and  cytochemistry,  autoradiography ,  inmunocytochemlstry,  and 
scanning  and  transmission  electron  microscopy,  is  employed. 

This  work  unit  also  serves  as  a  central  electron  microscopy 
facility  for  the  WRAIR,  offering  services  to  .nclude  processing  of 
tissues,  electron  microscope  use  (scanning  and  transmission),  and 
photomicrograph  processing.  Various  special  techniques,  such  as 
negative  staining  and  Imnunocytochemlstry,  are  also  available. 

Progress: 

I.  Studies  on  Mucosal  Immunity 

The  surface  of  gut  associated  lymphoid  tissue  (GALT)  Is  ex¬ 
posed  to  a  wide  variety  of  antigens  and  microbes.  The  surfaces 
of  various  rabbit  GALT  to  better  understand  their  roles  In 
mucosal  Ironunity  were  studied.  Appendix  (APP),  Ileal  Peyer's 
patch  (PP),  sacculus  rotundus  (SR),  and  the  cecal  lymphatic  patch 
(LP)  were  obtained  from  adult  rabbits  and  processed  for  scanning 
electron  microscopy.  All  of  the  GALT  examined  consisted  of  both 
lymphatic  domes  and  some  form  of  intervening  villi  or  mucosal 
ridges.  Each  tissue  was  studied  for  villus  structure  and  degree 
of  exposure  of  lymphatic  domes  to  the  gut  lumen.  The  APP  had  a 
broad,  mushroom  shaped  mucosal  covering  which  aroso  from  a  narrow 
stalk  between  the  domes.  The  luminal  surface  appeared  as  a  flat 
sheet  with  regularly  spaced  holes  through  which  the  dome  apices 
could  be  seen.  The  apices  of  the  APP  domes  were  approximately 


the  height  of  the  mucosal  covering.  The  PP  had  domes  interspersed 
between  cylindrical  villi.  The  villi  were  250-300um  above  the 
level  of  the  dome  apex,  but  did  not  prevent  visualization  of  the 
domes  from  the  luminal  surface.  The  SR  had  a  mucosal  covering 
which  was  indistinguishable  from  the  mucosa  of  the  cecum.  Low 
mucosal  ridges  encircled  openings  through  which  the  domes,  which 
were  100-150un  below  the  level  of  these  openings,  were  only 
occasional ly  visible. 

The  serosal  surface  of  the  SR  was  continuous  with  a  small 
area  of  cecum  here  referred  to  as  the  cecal  LP.  A  1mm  wide 
strip  of  villi  and  mucosal  ridges  at  the  ileocecal  junction 
divided  the  mucosal  surface  of  the  LP  and  SR.  The  LP  had  single 
mucosal  ridges  separating  the  lymphatic  domes.  The  apices  of  the 
domes  were  equal  to  or  greater  than  the  height  of  the  intervening 
ridges.  Of  the  GALT  examined,  the  domes  of  the  SR  were  most 
shielded  by  mucosal  structures  while  those  of  the  adjacent  cecal 
LP  were  most  exposed  to  the  lumen.  The  functional  significance  of 
these  differences  has  yet  to  be  determined. 

II.  Irmunocytochemical  Studies  on  Trypanosoma  rhodesiense 

Ul trastructural  studies  of  Trypanosomes,  especially  the 
metacyclic  form,  require  the  ability  to  process  very  low  numbers 
of  cells  for  electron  microscopy.  A  technique  which  utilizes 
96-well  microtite  plates  as  a  mold  for  embedding  has  been  devised. 
The  flat  bottoms  of  the  wells  are  coated  with  poly-L-lysine  to  aid 
the  adherence  of  organisms.  A  centrifuge  bucket  for  the  entire 
plate  is  used,  making  possible  simultaneous  concentration  of  the 
cells  in  the  entire  96-well  plate.  The  embedding  process  is 
carried  out  directly  in  the  wells,  providing  a  single  layer  of 
embedded  cells  at  the  bottom  which  can  then  be  thin  sectioned  for 
immunocytochemistry  and  transmission  electron  microscopy.  These 
samples  are  now  being  used  to  label  surface  antigens  with  gold, 
ferritin,  and  horseradish  peroxidase. 

III.  Studies  on  Tracneal  Injury 

This  work  unit  has  been  investigating  the  cytodynamics  of 
respiratory  epithelial  repair  after  mechanical  injury  in  con¬ 
junction  with  ongoing  WRAIR  investigations  on  the  effects  of  free 
field  artillery  blasts  on  operator  personnel.  Previous  reports 
have  described  and  quantified,  at  the  light  and  transmission 
electron  microscopic  levels,  the  morphologic  and  kinetic  events 
that  occur  during  regeneration  following  mechanical  wounding  of 
the  hamster  trachea.  Studies  have  now  been  completed  which  define 
the  surface  characteristics  of  this  repair  process  with  the  scann¬ 
ing  electron  microscope.  Epithelial  sliding,  squamous  metaplasia, 
and  ciliogenesis  have  been  documented  and  are  in  agreement  with  the 
previous  histologic  studies.  The  results  will  aid  interpretation 


of  field  studies  of  blast  overpressure-induced  tracheal  Injury  and 
repair  being  conducted  at  the  Lovelace  Inhalation  Toxicology  Re¬ 
search  Institute,  Albuquerque,  N.M. 

IV.  Studies  on  the  Life  Cycle  of  Rickettsia  tsutsuqamushi  in  the 
Mammalian  Cell 

Rickettsial  Infections  exist  ir,  certain  regions  of  the  world 
as  endemic  diseases.  Therefore  a  massive  outbreak  of  a  rickettsial 
disease  In  a  particular  region  Is  possible  in  a  military  operation 
when  large  numbers  of  unlnmunlzed  people  enter  the  region  under  a 
stressful  circumstance;  this  happened  In  Napoleon's  army  in  Russia 
with  epidemic  typhus,  and  In  allied  and  Japanese  forces  in  the 
.  Southeast  Asia  with  Scrub  typhus. 

Members  of  the  genus  Rickettsiae  are  conceived  as  being  obliga¬ 
tory  Intracellular  bacteria;  however,  little  is  known  about  their 
life  cycle  within  host  cells. 

Recently,  we  have  accumulated  evidence  which  suggests  that 
organisms  of  R.  tsutsuqamushi  multiply  in  tissue  culture  In  a 
cytoplasmic  matrix  of  host  cells,  somewhat  similar  to  viruses.  '»  2 
Accordingly,  further  Investigations  are  in  progress,  emphasizing 
the  following  aspects:  (a)  to  Isolate  and  define  the  particles 
which  carry  and  transmit  rickettsial  genomes  among  host  cells  in 
tissue  culture,  since  R.  tsutsugumushl  are  not  often  viewed  In 
binary  fission,  (b)  to  Investigate  the  applicability  of  the  novel 
multiplication  pattern  of  R,  tsutsuqamushi  in  tissue  culture  to 
the  Infection  of  marrmallan  hosts.  The  purpose  of  the  investigations 
Is  (a)  to  clarify  the  pathogenesis  of  scrub  typhus  in  the  mammalian 
host  area  (b)  to  formulate  better  preventive  and  therapeutic 
measures  for  the  disease. 
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Problems  and  Objective: 


The  Leishmania  are  obligate  intracellular  protozoan  parasites 
that  replicate  only  within  macrophages  in  mammalian  hosts.  The 
successful  resolution  of  cutaneous  lesions  or  systemic  disease 
relies  ultimately  on  the  intracel lular  destruction  of  parasites  by 
infected  macrophages.  The  major  interest  of  our  laboratory  is  the 
documentation  of  parasite  interactions  with  resident  and  inflam¬ 
matory  macrophages,  and  the  analysis  of  changes  induced  in  these 
Interactions  following  nonspecific  activation  of  macrophages  by 
soluble  lymphocyte  products  ( lymphokines) . 


Progress : 

To  analyze  parasite-host  cell  interactions  in.  vitro,  we 
developed  a  model  assay  with  Leishmania  tropica  amastigotes  and 
resident  peritoneal  macrophages  of  C3H/HeN  mice.  The  parasite 
infects  and  replicates  in  these  cells:  infected  macrophages 
maintained  as  nonadherent  peritoneal  cell  cultures  support  6  to 
10-fold  increases  in  the  number  of  intracel lular  amastigotes  over 
72  hr  (1).  Addition  of  lymphokines  to  these  cultures  dramatically 
alters  parasite-macrophage  interactions,  and  lympokine-treated 
macrophages  develop  two  potent  anti  leishmanial  activities  (2). 

Expression  of  the  two  microbicidal  cctWities  of  lymphokine- 
activated  macrophages  is  under  separate  genetic  control.  We 
identified  several  mouse  strains  with  macrophage  defects  in  either 
lymphokine-induced  resistance  to  infection  (A/J,  C3H/HeJ,  C57BL/ 
lOSnCR)  or  intracellular  killing  (BALB/c,  C57L/J,  NZW/N,  P/J.  One 
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of  these  defects,  intracellular  killing,  correlates  with  in  vivo 
susceptibility  to  _L.  tropica  infection:  of  20  mouse  strains 
infected  with  L.  tropica  amastigotes,  only  4  strains  (BALB/c, 
C57L/J,  NZW/N,  P’/J)  fail  to  resolve  lesions  in  12  wks  (3,4).  In 
susceptible  mice,  the  L_.  tropica  infected  footpad  becomes 
necrotic,  visceral  metastases  occur,  and  the  mice  die  of  systemic 
disease.  Fj,  F?’  ancl  b^ickcross  analysis  of  macrophage  function  in 
P/J  (susceptible)  by  C3H/HeN  (resistant)  mice  suggests  that 
control  of  macrophage  intracel lu lar  killing  activity  is  by  a 
single  autosomal  dominant  gene  (5).  Resistance  to  L.  tropica 
infection  in  these  mice  also  appears  to  be  controlled  by  a  single 
autosomal  dominant  gene:  if  regulation  of  macrophage  activation 
and  resistance  to  L_.  tropica  infection  is  controlled  by  the  same 
gene,  we  will  have  identified  a  major  host  defense  mechanism  that 
can  be  amplified  by  immunologic  intervention. 

That  genetic  control  of  L_.  tropica  infections  is  more  complex 
than  previously  thought  has  been  underscored  by  recent  studies  we 
performed  in  collaboration  with  Dr.  M.  Potter  (6).  Using  several 
different  inbred  mice,  Fj  hybrids,  and  a  congenic  strain  developed 
by  Dr.  Potter  with  the  Lshr  gene  from  DBA/2  mice  (L_.  tropica 
resistant)  on  a  BALB/c  (L_.  tropica  susceptible)  background,  we 

have  been  able  to  identify  three  different  genes  that  regulate 
resistance  to  L_.  tropica  infection.  One  of  the  genes  controls 

resolution  of  the  cutaneous  lesion:  the  other  two  genes  regulate 

events  that  influence  systemic  disease.  None  of  these  genes  is 
the  Lsh  gene  that  confers  resistance  in  mice  to  systemic  L. 

donovan i .  By  appropriate  mating  of  resistant  and  susceptibTe 
mice,  we  should  be  able  to  isolate  each  of  these  genes  and 
identify  additional  immunological  factors  that  determine 
successful  resolution  of  disease.  These  animals  will  be 
invaluable  tools  for  analysis  of  host  defense  mechanisms  that 
develop  during  different  stages  of  disease,  as  well  as  assessment 
of  candidate  vaccine  and  immunotherapeutic  regimens. 


Recommendations : 


Problems  associated  with  the  control  of  leishmaniasis  that 
will  be  investigated  are:  1)  evaluation  of  host-parasite 
interactions  j_n  vitro  and  modulation  of  these  interactions  with 
soluble  products  of  immune  lymphocytes.  2)  evaluation  of 
nonspecific  and  specifically  sensitized  lymphocyte  products  for 
immunoprophylactic/therapeutic  and  diagnostic  potenial.  3) 
development  of  _i_n_  vitro  methods  for  assessing  immunity,  and  4) 
evaluation  of  nonspecific  immunopotent iat ing  agents  for  control  of 
leishmanial  infection. 
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73.  (b)  Tii <*  objectives  of  tnia  work  unit  .ire:  (1)  to  provide  the  U.S.  Array  Command 
with  a  safe,  and  effective  propby  1  ac  1 1  c  / 1  he  rapeu  r  1  c  nerve  fluent  antidote  which  will 
be  efficacious  against  a  variety  of  chemical  agents,  (2)  to  determine  the  pharma¬ 
cokinetics,  distribution,  transport,  metabolism,  and  enzymology  of  both  chemical  and 
antidot.il  ; rents;  (3)  to  Investigate  metabolic  and  degradation  products  of  chemical 
and  antidotal  agents  including  their  identification,  synthesis,  and  quantitation, 
f A )  to  determine  biochemical  systems  and  components  which  Interact  with  either 
chemical  and/or  therapeutic  agents,  and  (j)  to  develop  more  specific  and  simple 
methodologies  for  conducting  the  prescribed  studies. 

24,  (T)  A  mu  1 1 i component  anticholinergic  antidote  has  hern  formulated  and  tested  for 
its  stability  ovr  an  extended  tine  period.  High  performance  liquid  chromatography 
(HIM.C)  me t hodo 1 ogy  has  been  developed  for  separation  of  the  oxime  HI-6  from  all  of 
its  degradaf 1 ve  by-products .  Kinetic  studies  showing  reaction  rates  as  functions  of 
pH  and  temperature  were  performed  to  develop  the  basis  for  this  new  mu  1 1 1  component 
ne-ve  agent  antidote.  Knzyn.it  1  c  studies  were  pet  lorried  showing  the  influence  of 
aoroohen  on  enzymes,  and  t  fie  effect  of  enrv.es  on  aprophen.  Unknown  metabolic  or 
enzymatic  products  are  being  analyzed  to  establish  metabolic  pathways. 

'The  stability  of  HI-6,  was  determined  in  various  aqueous  solutions,  and  In 
solutions  con  t  a  nl  njp.^  se  1  er  t  ed  organic  and  mineral  acids  used  to  modify  pH.  The 
metabolic  fate  of  (  C)  aprophen  was  determined.  More  than  24  metabolites  were 
detected  in  various  organs  of  rats  and  guinea  pigs.  Throe  new  acetylcholinesterases 
were  pnri!i;d:  monoclonal  antibodies  to  selected  enzymes  were  developed;  tryptic 
digests  <.f  organophosphat  e  labelled  enzymes  wet  e  analyzed  by  Mi’t.C.  Aprophen  was 
found  to  be  hydrolyzed  by  esterases,  including  human  bu t yry 1 cbo 1 1 ees t erase  (BuCi’K). 
For  technical  report  see  WRA1R  Annual  Progress  Report  1  Oct .  82  -  30  Sept  83. 
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DESCRIPTION: 

The  objective  of  this  work  unit  Is  to  conduct  multifaceted 
biochemical  research  on  chemical  agents  In  order  to  provide  the  military 
with  a  safe  and  effective  prophylactic/therapeutic  formulation  agalnat 
chemical  agents.  These  Include:  the  Identification  of  the  metabolites 
and  degradation  products  of  chemical  agents  and  antidotes;  the  deter¬ 
mination  of  the  pharmacokinetics,  distribution,  transport  and  metabolism 
of  chemical  and  antidotal  ar.ents;  the  Investigation  of  the  effects  of 
chemical  agents  and  antidotes  on  enzyme  catalysis,  specifically  on  active 
sites  of  acetyl-  and  butyrylchollnes-tcreaaea.  The  following  Investiga¬ 
tions  were  conducted: 

1.  Prolonged  Stability  of  HI -6  In  An  Aqueous  Solution  at  Ambient 
Temperatures  and  Modified  pH  Conditions. 

2.  Pharmacokinetics  and  Distribution  of  Aprophen  In  Animal  Medals. 

3.  Aprophen  Interactions  with  Selected  Enzymes. 

A.  Purification  of  Selected  Esterases  and  Cholinesterases. 


5.  Structural  Analysis  of  Esterases  and  Cholinesterases. 


A.  Prolonged  Stability  of  HI-6  In  An  Aqueous  Solution  at  Ambient 
Temperatures  and  Modified  pH  Conditions. 


Previous  work  has  shown  PI-6  or  l-(2-Hydioxy  iainoethyl-pyridlnlum)— 
l-( A-carboxyamido-pyridinium)  dimethyl  ether  to  be  highly  unstable  in 
various  pH's  and  temperature  gradients.  As  such,  the  *v\haneing  qualities 
ot  this  blspyrldlnlum  oxime  to  act  as  an  effective  reactivator  against 
acetyl-cholinesterases  polsloned  by  an  organophosphate  depends  entirely  on 
this  compound  to  suilntaln  Its  chemical  integrity.  From  recent  studies  it 
has  been  shown  that  many  substituted  derivatives  of  HI-6  were  obtain*,?  as 
breakdown  products  in  both  acid  and  alkaline  solutions  when  pH's  were 
greater  then  5  end  temperature  exceeded  25*C.  Utilizing  date  obtained  from 
these  studlee,  the  multicomponent  anticholinergic  formulation  has  been 
prepared  and  shown  to  be  extremely  stable  over  a  prolonged  period  of 
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time.  A  citrate  buffered  solution  containing  atropine  sulfate,  HI-6  and 
aprophen  produced  no  degradatlve  products  when  stored  at  ambient  room 
temperatures  and  pH  values  of  4.  Biweekly  analysis  of  this  mixed 
formulation,  over  a  46  week  period,  produced  a  98%  stability  factor* for 
each  of  the  three  neat  compounds  present  within  the  solution.  The 
stability  studies  of  this  hispyridinium  oxime  are  currently  being 
evaluated  with  other  organic  and  mineral  acids  in  hopes  of  determining  the 
chemical  factors  involved  in  this  mechanism. 

i 

R .  Pharmacoki net  1 cs  and  Distribution  of  Aprophen  in  Animal  Models. 

The  metabolic  fate  of  aprophen  has  been  investigated  in  experimental 
animals,  specificallv  rats  and  guinea  pigs.  Data  ohtained  from  the 
pha rnacok i net i c  and  distribution  studies  showed  that  many  metabol|£es  were 
present  in  the  various  tissue  and  urine  specimens  analyzed.  The  C 
labelled  metabolic  products  formed  exhibited  both  lipophilic  and 
lipophohic  cha rac-t e r i s t i c s .  Major  identified  metabolites  in  all  samples 
analyzed  showed  d i phony  1  prop ioni c  acid  and  d i e t by  1  ami noe t hanol  to  be  in 
predominance.  At  the  same  time,  a  series  of  other  compounds  were  noted  in 
the  different  extracts  prepared  from  the  various  organs.  In  most  cases, 
more  than  10  radioactive  metabolites  were  observed  in  rat  brain,  lung, 
liver,  and  urirpe  samples.  In  kidnev  extracts,  24  major  and  minor  peaks 
representing  4C  labelled  analogues  were  observed.  While  metabolism  of 
aprophen  occurs  rapidlv  in  both  rats  and  guinea  pigs,  usually  one  half  the 
administered  dose,  dan  from  these  studies  showed  that  radioactive 
aprophen  metabolites  wore  being  excreted  in  the  urine  43  days  post 
administration.  Final  studies  are  being  planned  to  identify  the  major 
metabolic  products  collected  from  each  organ  extract.  Chemical  identi¬ 
fication  will  be  accomplished  by  mass  spectrometry. 

i 

C .  K a zyme - Aprophen  I n teract  tons : 

Bonzl  lares  are  noted  muscarinic  recentor  blockers,  but  hydrolysis  by 
mamma  1 i an  organ  honogenates  and  bv  sera  suggests  they  are  also  enzyme 
substrates.  In  order  to  identify  enzvmes  potentially  involved  ih 
benzilate  catabolism,  nr  influenced  by  benzilates,  we  studied  the 
Interaction  between  a  model  benzilate,  aprophen,  and  selected,  highly 
purified  serine  hydrolases.  Aprophen  preferentially  inhibited  human  and 
horse  bu  t  V  rv  1  cho  1  i  nest  erases  (BuChF.)  in  comparison  with  eel 
acetylcholinesterase  (AChF).  In  addition,  BuChF  slowly  hydrolyzed 
aptnphen.  Kinetic  analysis,  showed  aprophen  inhibition  of  BuChF  was  mixed 
in  mechanism  with  an  apparent  K.  »1.39  x  10  M;  aprophen  hydrolysis 
occurred  with  a  K  *  1.34  uM.  Other  enzymes  which  hydrolyzed  aprophen 
Included  a  monomeric  and  a  dimeric  ca rhoxv 1 es t erase  (CF)  from  rabbit 
liver,  and  a  horse  serum  CF„.  F.el  AChF  failed  to  hydrolyze  the  drug.  All 
enzvmes  which  iivdrolyzed  aprophen  appeared  to  do  so  at  similar  rates  when 
hydrolysis  was  calculated  upon  the  number  of  active  centers  per  enzyme. 

A  parallelism  between  BuChF  inhibitors  and  muscarinic  receptor 
blockers  has  been  noted.  To  test  thin  hypothesis  further,  16  analoga  of 
the  alcoholic  portion  of  quT n 1 c 1 irfi ne  benzilate  were  compared  with  respect 
to  their  BuChF  Inhibitory  potency,  and  their  ability  to  displace  ONB  from 
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muscarinic  acetylcholine  receptors.  Both  tests  yielded  the  same  six  most 
effective  compounds,  although  the  order  of  effectiveness  differed  within 
the  group  of  six.  Thus  a  general  parallel  may  exist,  reflective  of 
considerable  binding  site  homology,  but  specific  structural  homology 
cannot  be  inferred. 


An  acetylcholinesterase  from  fetal  calf  serum  has  been  purified 
approximately  18,000  fold  to  near  homogeneity.  It  is  hoped  to  use  this 
enzyme  as  a  model  mammalian  AChE.  Purification  procedures  Included 
procainamide  affinity  gel  chromatography,  DEAE  anion  exchange 
chromatography,  and  sepharose  4B  gel  chromatography.  The  molecular  weight 
appeared  to  be  360,000  daltons.  Enzyme  specificity  was  acetylcholine  > 
propionylcholine  >  butyrylcholine .  Substrate  inhibition  occurred, 
atropine  relieved  this  inhibition,  and  di isopropy lphosphof luoridate  (DFP) 
inhibited  the  enzyme.  Monoclonal  antibodies  raised  against  DFP-torpedo 
AChE  cross  reacted  with  DFP  treated  fetal  calf  serum  AChE  to  a  limited 
extent,  indicating  both  homology  and  difference  between  the  DFP  treated 
enzymes . 


A  soluble  AChE  from  rabbit  serum  has  been  extensively  purified. 
Purification  steps  included  ammonium  sulfate  (27.5-60%)  precipitation, 
pheny ltr imethy lamnonium  iodide  affinity  gel  chromatography,  and  DF.AE  anion 
exchange  chromatography.  The  partially  purified  enzyme  was  completely 
resolved  from  contaminating  serine  hydrolases,  l.e.,  BuChF.  and  CE. 
Substrate  kinetics  appeared  similar  to  other  AChF.s;  the  apparent  for 
acety  lOiocholine  was  0.064  mM,  and  for  phenylthioacetate,  0.68  mM. 
Aliphatic  substrate  specificity  was  acetylthiocholine  >  propiouyl- 
tblocholine  >  hutyrylthiocholine,  indicating  an  acetyl  (C2)  specificity. 
The  bimclecular  Inhibition  constant,  Kj  for  DFP  was  ^.4  j  1J  H  L  , 
agrees  favorably  with  the  reported  value  of  2.3  x  10"’  M  L  for  eel 
AchE.  The  enzyme  appears  unusual  among  AChF.s  in  that  it  dissociates  into 
active  dimers  at  pH  4.  These  dimers  retain  nearly  Identical  kinetics 
compared  to  the  enzyme.  Suhatrate  inhibition  characteristic  of  AChEa  also 
occurs  . 


A  ChF.  from  Pseudomonas  aeruginosa  has  been  purified  to 
electrophoretic  homogenelety.  Purification  procedures  included  ammonium 
sulfate  precipitation,  DF.AE  anion  exchange  chromatography,  and  red  A 
agarose  gel  chromatography.  A  molecular  weight  of  31,000  was  derived 
from  sodium  dodecyl  sulfate  acrylamide  gel  electrophoresis.  The  enzyme 
has  a  dual  specificity  for  acetyl-  and  proprlonyl  choline. 


All  cholinesterases  tested  were  retained  by  Red  A  agarose,  suggesting 
that  this  gel  has  a  specificity  for  serine  hydrolases.  However,  neither 
substrates  nor  Inhibitors  released  the  enzymes  from  the  gel,  thereby 
limiting  the  specificity. 


Enzyme  Structure. 


Aspects  of  the  structure  of  butyrylcholinesterase,  and  a 
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carboxylesterase  have  been  investigated.  Gel  chromatography  of  pure, 
untreated  BuChE  yields  a  single  product  with  a  molecular  weight  of 
approximately  340,000  daltons.  Upon  incubation  with  sodium  dodecyl 
sulfate  (SDS),  and  subsequent  electrophoresis,  the  purified  enzyme  splits 
into  two  bands,  consistent  with  20-25%  monomer,  and  80%  dimer 
substituents.  If  the  enzyme  is  incubated  with  SDS  and  a  reducing  agent. 
Identical  bands  appear  but  the  proportion  of  monomer  to  dimer  is 
reversed.  Current  hypothesis  holds  that  BuChE  is  composed  of  a  dimer  of 
dimers.  Monomers  are  thought  to  be  associated  via  disulfide  bonds  to  form 
the  dimer,  whereas  the  dimers  are  thought  to  be  held  by  noncovalent  bonds 
to  form  the  intact  enzyme.  This  putative  structure  is  inconsistent  with 
electro-phoretic  patterns  in  that  the  monomer  should  not  result  from  SDS 
treatment,  and  the  dimer  should  not  persist  through  SDS-reduction 
treatment.  However,  similar  electrophoretic  peptide  banding  patterns  are 
obtained  upon  BuChE  monomer  and  dimer  incubation  with  Staphylococcus 
aureus  protease  V-8,  leading  to  the  conclusion  that  all  bands  may  be 
derived  from  the  same  polypeptide.  Thus  current  results  may  be  consistent 
with  theory  if  it  is  assumed  that  the  extra  monomer  and  dimer  bands  occur 
as  the  result  of  proteolytic  cleavage  which  excises  disulfide  bond 
containing  peptides. 

Monoclonal  antibodies  to  human  BuChE  have  been  raised.  Approximately 
30  positive  clones  have  been  detected,  and  the  structure  of  BuChE  is  being 
analyzed . 

The  microheterogeneiety  of  a  horse  serum  carboxylesterase  (EC 
3. 1.1.1)  has  been  studied.  Purification  of  a  horse  serum  carboxylesterase 
resulted  in  a  product  with  a  molecular  weigh',  of  70,200  daltons  by 
sephadex  gel  chroma-tography ,  and  of  126,000  daltons  by  paraoxon 
titration.  This  discrepancy  was  the  subject  of  an  investigation  which 
revealed  that  the  purified  enzyme  contained  a  catalytically  active 
fraction  which  could  bind  DPP,  and  an  ir  ctive  fraction  which  did  not  bind 
DFP.  The  inactive  fraction  also  contained  only  10%  of  the  carbohydrate, 
whereas  it  constituted  40%  of  the  protein  by  weight.  Tryptic  digestion 
followed  by  HPLC  peptide  analysis  showed  each  electrophoretically  obtained 
band  to  contain  similar  peptides,  thereby  proving  the  identity  of  the  two 
bands.  The  absence  of  activity  was  not  traced  to  any  specific  molecular 
change,  and  the  molecular  basis  for  the  activity  loss  remains  speculative. 

F .  Studies  on  the  Molecular  Aspects  of  the  Biosynthesis  and  Disposition 
of  Acetylcholinesterase. 

Acetylcholinesterase  is  known  to  exist  in  two  classes  of  molecular 
forms:  elongated  species  which  contain  several  catalytic  subunits 

disulfide-linked  to  a  collagen-like  rail  unit,  and  globular  species  which 
are  primarily  found  as  simple  dimers  or  tetramers  of  the  catalytic 
subunit.  The  elongated  species  are  localized  in  the  basal  lamina  of  the 
synapse  while  the  globular  forms  are  sufficiently  hydrophobic  to  expect 
that  they  associate  readily  with  a  variety  of  plasma  membranes.  Since 
both  forms  of  enzyme  in  Torpedo  are  present  in  near-equal  quantities,  the^ 
opportunity  exists  to  study  the  biosynthesis  and  disposition  of  each  form 
in  a  tissue  where  the  detailed  structure  of  the  gene  product  can  be 
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examined.  Towards  this  end,  we  have  begun  to  characterize  catalytic 
subunits  from  each  form  to  ascertain  whether  the  divergence  in  molecular 
species  is  the  result  of  encoding  by  separate  acetylcholinesterase  genes 
or  post-rranslational  differences  giving  rise  to  assembled  species  of 
varying  complexity. 

Initial  peptide  characterization  shows  that  the  catalytic  subunits 
contain  considerable  homology  and  the  active  site  peptides  appear 
identical.  Candidates  for  peptides  comprising  the  peripheral  site  have 
been  Identified  with  an  azido  analog  of  propidiura.  Both  forms  have 
similar  carbohydrate  compositions  but  at  least  two  noncarbohydrate- 
containing  peptides  appear  unique  in  each  enzyme  form.  We  have  prepared 
monoclonal  antibodies  to  each  form.  While  most  of  the  clones  exhibited 
similar  cross-reactivity,  one  shows  at  least  an  80-fold  selectivity  for 
the  catalytic  subunit  of  the  globular  form.  Thus,  structural  studies  and 
immunologic  reactivity  suggest  that  the  forms  arise  either  as  separate 
gene  products  or  as  distinct  RNA  transcripts.  The  biosynthesis  of 
acetylcholinesterase  has  been  examined  using  isolated  m-RNA  fractions  and 
an  in  vitro  translation  system.  Analysis  of  the  nascent  protein  in 
relation  to  the  structure  of  the  molecular  forms  of  acetylcholinesterase 
should  provide  fundamental  information  on  the  regulation  of  expression  of 
the  various  molecular  species  of  the  enzyme. 

Projected  Studies 

1.  Experimental  studies  in  animals  and  cultured  cell  lines  which  will 
show  the  effects  of  nerve  agent  poisoning  in  major  biochemical  pathways. 
Emphasis  will  focus  on  the  neurotransmiters,  such  as  acetylcholine, 
serotonin,  epinephrine,  norepinephrine  and  gamma  amino  butyric  acid 
(GAbA). 

2.  Pharmacokinetic  studies  in  model  animals  using  HI-6  and  aprophen  which 
will  show  the  mode  of  action  of  these  drug  in  various  receptors. 

3.  Continuation  of  the  HI-6  study  using  various  cells  lines,  which  will 
produce  some  information  on  the  metabolism  of  Hl-6. 

4.  Purification  of  selected  cholinesterases  and  esterases. 

5.  Characterization  of  selected  cholinesterases  and  esterases. 

6.  Mapping  of  enzymes  by  monoclonal  antibodies  and  other  agents  and 
techniques . 


i 


7.  Delineation  of  a  relationship  between  butyrylchol lnesterase  and  the 
muscarinic  acetylcholine  receptor. 


Publications 


1.  Baker,  L.,  and  Wolfe,  A.  D.  Preferential  butyry lchollnesterase 
Inhibitors.  1983.  Fed.  Proc.,  P.  2112. 
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Principal:  C.B.C.  Campbell,  M.D.,  Ph . D . ,  LTC  ,  MC 
Associate:  C.F.  Tyner,  M.O.,  COL,  MC  ;  J.L.  Meyerhoff,  M.D.; 

J.M.  Petras,  PhD.;  G.J.  Kant,  PhD.;  V.  Mobley, 
M.  D  .  ,  PhD.,  MAJ ,  MC 


Ob  j  so  t  i ves : 


The  overall  objectives  of  this  task  are  the  protection  of 
military  personnel  from  the  lethal  effects  of  chemical  agents, 
elimination  or  reduction  of  impaired  performance,  and  return  to 
duty  of  those  individuals  exposed  to  sublethal  doses  of  these 
agents.  Emphasis  has  bean  placed  on  determining  the  sites  of 
aotion  of  chemical  d a f e n s e - r e 1  a t e d  compounds,  the  primary  and 
secondary  effects  of  these  agents  and  their  antidotes  on  nervous 
tissue,  and  exploring  the  possibility  of  exploiting  the  intrinsic 
defense  mechanisms  of  the  body  as  protection  against  these 
agon  t  s  . 


Progress  : 


Last  year  it  was  shown  that  oats  which  survived  exposure  to 
soman  developed  patterns  of  neuronal  degeneration  in  the  brain, 
as  well  as  bilaterally  symmetrical  infarcts  in  one  oase.  Similar 
studies  of  maoaque  monkeys  utilising  doses  of  3.4  to  4,4  mg/kg 
were  in  a  preliminary  stage.  During  this  year  the  monkey 
material  has  been  studied  with  the  light  microscope.  Only  two 
animals  which  had  survived  s oma n - i n du c s d  grand  mal  seitures 
showed  evidence  of  brain  pathology.  This  took  the  form  of 
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multiple  bilateral  infarcts  in  various  brain  regions  No 

evidence  of  nerve  cell  axon  degeneration  was  found.  This  was 
also  true  in  areas  affected  by  the  infarcts  where  it  would  be 
expected  This  suggests  that  technical  factors  might  be 

responsible  for  the  failure  to  demonstrate  axonal  degeneration. 
Even  if  brain  damage  in  nonhuman  primates  and  man  results  from 
vascular  insufficiency  secondary  to  seizures,  this  could  be  a 
significant  problem  for  soldiers  exposed  to  soman. 


Two  studies  were  conducted  on  ethylchollne  aziridinium  (AF41A)  , 
a  putative  specific  cholinergic  neurotoxin  In  the  first,  AF64A 
was  injected  bilaterally  in  the  lateral  ventricles  of  rate 
Animals  were  found  to  be  impaired  on  tests  of  reference  memory 
applied  to  place  tasks,  but  not  to  cue  tisks  Such  patterns  of 
behavioral  change  are  known  to  result  from  damage  to  the 
fimbria-fornix.  Neurochemical  measurements  in  a  separate  group 
of  animals  showed  depletion  of  acetylcholine  in  the  hippocampus 
and  corpus  striatum,  but  no  depletion  of  norepinephrine  or 
dopamine  Histological  examination  demonstrated  extensive  damage 
to  the  f  i mb r  i a  -  f o r n  i  x  The  behavioral  and  n e u r o c h em i c a  1  results 
are  probably  due  to  non-specific  lesion  effects  rather  than  a 
specific  toxic  effect  on  cholinergic  systems.  In  the  other 
study,  AF64A  was  unilaterally  injected  into  the  substantia  nigra 
of  rats  Two  weeks  later  a  30%  depletion  of  striatal  dopamine 
was  found,  as  well  as  extensive  damage  at  the  injection  site 
AFA4A  is  apparently  capable  of  damaging  dopaminergic  neurons. 


Recent  work  has  shown  that  nerve  growth  factor  (NCF)  may  have  a 
trophic  effect  on  the  cholinergic  system  Our  interest  centers 
on  those  cholinergic  pathways  which  interconnect  the  cerebral 
cortex  and  the  basal  forebrain  A  project  to  study  the  role  of 
NCF  in  the  cholinergic  system  and  its  possible  implications  for 
defense  against  anticholinesterase  nerve  agents  has  been 
initiated  Necessary  equipment  is  on  order  and  NCF  has  been 
synthesized  Collaborative  work  on  cerebrospinal  fluid  changes 
in  animal  survivors  following  exposure  to  soman  have  continued 
Experiments  designed  to  identify  the  respiratory  centers  in 
amphibians  have  been  initiated  Amphibians  are  more  resistant  to 
anticholinesterase  agents  than  mammals,  and  it  is  hoped  that 
these  animals  can  be  used  as  a  model  in  which  anticholinesterase 
effects  on  respiratory  neurons  can  be  studied 


Recommendations  for  Future  Work 
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Contingent  upon  the  availability  of  local  facilities  for 
tipoiurt  of  experimental  animals  to  nerve  agents,  further  studies 
on  the  neuropathologic  affects  of  these  agents  are  planned.  We 
would  like  to  repeat  the  exposure  of  macaques  to  soman;  examine 
the  effects  of  sarin  in  rats;  and  study  the  course  of  development 
of  the  changes  observed  in  rats  after  exposure  to  soman. 
Experiments  described  above  as  being  underway  will  be  continued. 


Presantati ons 


Petras,  J  M  Brain  pathology  induced  by  o r g ano ph o s p ha t e 
poisoning  with  the  nerve  agent  soman  (submitted  for  presentation 
at  the  Army  Science  Conference). 


Publications 


Jarrard.  L  .  ,  Levey,  R  .  ,  and  Kant,  G.J.  Behavioral  and 
neurochemtcal  effects  of  intraventricular  AFf4A  administration  in 
rats  (  s  u.bm  i  t  t  e  d  >  . 


Petras,  J.H.  8rilr  pathology  in  rats  induced  by  o r g ann p ho s p ha t e 
poisoning  with  the  nerve  agent  soman  (In  preparation). 
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(U)  Cardiac  receptors; 

)  Organophosphate  esters;  (U)  Anticholinesterase;  (U)  Cardiac  biochemistry _ 
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1.  (U)  To  determine  the  chronic  systemic  effects  of  low  dose  single  or  repeated 

posure  of  organophosphate  esters.  These  studies  will  examine  the  effect  of  such 
;ents  and  other  cholinergic  drugs  on  myocardial  function  at  a  molecular  level.  A 
cond  objective  is  the  examination  of  cholinergic  stimulation  on  pituitary  peptide 
■rmone  synthesis  and  secretion.  There  is  military  relevance  in  this  research. 

(U)  A  small  animal  model  will  be  used  to  produce  sublethal  injufy  using  single 
d  multiple  dose  exposure  regimens.  Cardiac  toxicity  will  be  examined  by  measuring 
irdiac  enzymes  involved  in  contractility  and  myocardial  receptors.  Pituitary 
udles  will  .^mploy  cell  culture  and  a  dispersed  cell  superfusion  system. 

.  (U)1'* ’a  ctJmpUter  software  program  for  data  and  graphics  analysis  has  been 

mpleted.  An  assay  for  liver  thyroid  hormone  receptors  has  been  developed.  Ir> 
tro  studies  show  inhibition  of  binding  with  physostigmine  and  atropine,  but  only 
high  concentrations.  The  lung  receptor  system  is  partially  completed,  after 
ilch  the  myocardial  receptor  assay  will  be  established.  A  single  dose  (I^q)  DFP 
udy  demonstrated  a  depression  of  weight  gain  at  two  weeks,  an  increase  in 
gan/body  weight  ratio  for  kidney  and  testes,  with  no  change  in  liver  or  heart.  At 
:  weeks,  DFP  rats  were  heavier  than  controls,  but  all  four  organ/body  weight  ratios 
re  depressed.  There  were  no  consistent  hormonal  changes  except  a  low  serum  T^  at 
ro  weeks.  A  laboratory  has  been  established  to  perform  the  cell  culture  and 
iperfusion  studies.  For  technical  report  see  Walter  Reed  Army  Institute  of 
search  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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Project:  3K161102BS11  MEDICAL  CHEMICAL  DEFENSE  SCIENCE  BASE/M2CHAi*ISMJS  OP  AC710U 

OF  CHEMICAL  AGENTS  AND  ANTIDOTES 

Work  Unit  227  Chronic  Systemic  Effect*  of  Organophoaphate  Eater* 

Inveatlgatora: 

Principal:  Robert  C.  Smallridge,  LTC,  MC 
Asaociate:  tkincy  E.  Whorton,  GS-11 
Henry  Fein,  MAJ,  MC 
SP4  Irene  Giat 

Tnla  work  unit  waa  eatabllshed  to  atudy  the  chronic  ayatemle 
effect*  of  organophoaphate  eatera  in  a  rodent  model  and  on 
aelected  organ  system*  in  vitro.  The  acetylcholineataraae  to  be 
uaed  la  dlisopropylf luoroohoaphate  (DPP).  Studiea  are  being 
performed  In  three  area*. 

1.  Cardiac  Studiea:  Acute  poisoning  with  organophoaphorua 
compounds  can  reduce  etroke  volume  and  cardiac  output,  and  prolong 
the  circulation  time  in  man  (1);  large  doses  of  DFP  in  rats  may 
produce  cardiac  failure  and  death  (2).  DFP  also  decreaaea  heart 
rate  and  contractility  in  the  isolated  rat  heart,  auggesrlsg  a 
direct  toxic  effect  Independent  of  cholinesterase  inhibition 
(2).  The  mechanism  of  the  deletarioua  effects  of  DFP  on 
wyocardlal  contractility  is  not  clear,  although  so  effect  on 
ATPmse  may  be  involved  aa  this  agent  may  inactivate  ATPsae  in 
other  tissues  »?,4).  It  is  recognized  that  acuta  exposure  to 
acetylcholinesterases  may  produce  long-term  injury  in  the  central 
nervous  system  (i'NS).  Whether  such  damage  may  occur  outside  the 
CNS  is  unknown  although  one  case  of  chronic  congestive 
cardiomyopathy  has  been  described  (5). 

Studies  ere  focusing  on  the  potential  toxic  effects  of  theae 
agent*  on,  and  cholinergic  regulation  of,  aelected  myocardial 
enzymes  and  receptors.  The  initial  enzyme  under  study  is  5'- 
•ooodelodinase  ,  an  enzyme  studied  extensively  in  this  laboratory 
(6)  and  which  has  recently  been  Identified  in  the  heart  (7). 

Elucidation  of  the  degradation  pathway  utilizing  this  enzyme  waa 
completed  (8)  during  FT83.  This  required  cstabli shaent  of  an  HPLC 
system  for  confirmation,  which  consumed  s  eonsidersble  amount  of 
time.  The  initial  receptor  for  study  will  be  the  myocardial 
nuclear  thyroid  hormone  receptor.  In  descending  order  jt 
difficulty  in  me  thodologie  development,  heart  >  lung  >  liver. 

Liver  binding  studies  have  been  performed  and  give  exr.sllent 
reproducible  results.  In  vitro  exposures  to  phyaostigmin*  and 
•tropine  sulfate  inhibit  binding  in  a  dose  dependent  sinner,  but 
only  at  high  concentrations  (  >  10-3M).  This  may  be  a  nonspecific 
Ionic  strength  effect  and  requires  further  study.  The  lung 
receptor  binding  assay  Is  partially  characterized,  but  development 
waa  delayed  considerably  due  to  the  aforementioned  enzyme 
studies.  Cardiac  receptor  stuaies  will  proceed  after  tl«  lung 
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binding  assay  Is  established.  In  vivo  toxicity  studies  will  of 
necessity  be  delayed  for  some  tiae. 

2.  Pulmonary  studies:  Central  respiratory  depression  Is  the 
usual  cause  of  death  after  acute  exposure  to  organophoephate 
esters.  The  chronic  effects  of  these  agents  on  pulmonary  function 
are  unknown.  Thyroid  hormone  receptors  in  tue  lung  have  been 
identified  and  partially  characterized  in  our  laboratory.  Since 
this  hormone  influences  the  production  of  certain  lung 
phospholipids  and  surfactant,  this  receptor  assay  will  be  more 
completely  developed.  It  will  then  be  applied  to  animal  toxicity 
studies. 

3.  Hormone/metabolic  studies:  The  anterior  pituitary  gland 
has  cholinergic  receptots,  and  several  of  its  hormones  are  under 
cholinergic  control  (9-12).  Serum  levels  of  pituitary  peptide 
hormones  will  be  investigated  after  in  vivo  DFP  exposure.  A  more 
critical  examination  of  pituitary  function  will  be  performed  by 
establishing  pituitary  cell  cultures  and  a  pituitary  superfusion 
system  (13)  and  studying  the  eftect  of  cholinergic  agents  on  the 
biosynthesis  and  secretion  of  these  hormones. 

A  second  hormone  system  to  be  studied  is  the  renin- 
angiotensin  axis,  since  the  system  is  a  major  regulator  of  blood 
pressure.  Specifically,  angiotensin-convert ing  enzyme  is  being 
studied.  Preliminary  studies  in  our  laboratory  have  demonstrated 
cholinergic  inhibition  of  this  enzyme  in  vitro  with  physoatgmine , 
and  reversal  of  this  inhibition  with  acroplne.  This  enzyme  bas 
also  been  shown  to  be  depressed  In  two  human  studies  after  acute 
surglcai  stress  and  after  caloric  restriction.  Since  both  these 
conditions  will  be  common  in  chemical  defense  casualties, 
knowledge  of  their  effects  on  ACE  and  on  blood  pressure  is 
extremely  useful  in  our  program  for  elucidating  the  cholinergic 
control  mechanisms  on  this  enzyme. 

One  in  vivo  DTP  study  has  been  performed.  In  this  study, 
rats  were  administered  an  dose  of  DFP,  and  survivors  (and 

their  controls)  sacrificed  at  eitner  two,  six,  or  52  weeks.  At 
two  weeks  there  was  a  significant  decrease  in  body  weight  and  in 
the  weights  of  liver,  heart,  and  kidney,  but  not  testes.  By  six 
weeks,  body  weight  normalized,  but  organ  weights  remained  low,  and 
at  52  weeks  the  DFP  rata  were  heavier  than  controls,  with  organ 
weights  now  being  normal.  When  the  organ  to  body  weight  ratios 
’ere  calculated,  they  showed  a  rise  in  kidney  and  testes  at  two 
weeks,  but  a  decrease  In  all  four  organs  tested  at  52  weeks.  The 
early  weight  changes  in  heart,  kidney,  and  testes  were  confirmed 
In  a  followup  atudy.  This  latter  study  also  employed  an 
additional  control  group  pair  fed  to  match  the  food  intake  of  the 
DFP  treated  rats.  Similar  changes  were  observed  in  both  the  DFP 
and  pair  fed  groups,  suggesting  that  the  early  weight  changes  were 
due  to  e  generalized  nutritional  deficit  and  were  not  specific  for 
DFP. 


Future  research  plana  include:  (1)  completion  of  thyroid 
hormone  receptor  aaaays  in  lung  and  heart,  and  the  5’^ieiodinaee 
ensytr*  assay  In  heart  so  that  in  vivo  toxicity  studies  can  be 
done;  (2)  development  of  pituitary  cell  culture  and  superfusion 
systems  to  explore  the  cholinergic  regulation  of  anterior 
pituitary  hormones;  and  (3)  extension  of  In  vitro  observations  of 
c hi linergi c/anti cholinergic  effects  on  angiotensin-converting 
enzyme  activity  to  in  vivo  studies. 
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(U)  Immunochemis try ;  (U)  Soman;  (U)  Monoclonal  Antibodies;  (U)  Nerve  Agents 
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23.  (U)  Development  of  passive  and  active  immunization  for  protection  against  nerve 
agents  in  humans.  Nerve  agents  represent  a  serious  threat  to  combat  military  person¬ 
nel  . 

24.  (U)  Nerve  agents  such  as  Soman  and  Soman  analogues  will  be  convalently  coupled  to 
protein  carriers  such  as  tetanus  toxoid,  and  adjuvants  such  as  gram  negative  bacterial 
nembrane  proteins,  detoxified  gram-negative  lipopolysaccharides .  These  vaccines  will 
be  tested  in  mice  for  potency  and  used  for  vaccination  of  mice  to  produce  monoclonal 
antibodies.  Human  monoclonal  antibodies  of  high  affinity  will  be  produced  by  in-vitro 
vaccination  of  human  lymphoid  cells  followed  by  fusion  to  long  term  human  myeloma 
lines.  Human  monoclonal  antibodies  will  be  tested  for  potency.  Tissue  culture 
techniques  for  large  scale  production  of  human  monoclonal  antibody  for  human  use  will 
be  explored.  Recombinant  DNA  approaches  to  large  scale  production  of  antibody  for 
human  use  will  be  explored. 

25.  (U)  82  10-83  09  Utilizing  chloro-GD  protein  conjugates  16  hybridomas  have  been 
found  which  produce  monoclonal  antibodies  reactive  with  Soman.  These  hybridomas  have 
been  doubly  cloned  and  ascites  fluid  produced.  A  synthetic  Soman  analogue  replacing 
the  Florinewith  a  Methoxy  group  has  been  designed,  synthesized  and  successfully  coupled 
to  protein  conjugates  utilizing  an  inert  spacer  at  the  Pinacolyl  alcohol  end  of  the 
molecule.  (For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
Report,  1  Oct  82  -  30  Sep  83). 
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Problem 


Development  of  lmaunoprophy toxins  for  nerve  agents 
using  hybrldoma  technology. 


Progress 

1.  Fusions  were  performed  using  splenocytes  from  mice 
immunized  Soaan-Carrler  conjugates.  These  conjugates  were 
prepared  at  USAMRICD  using  chloro-GD  and  various  carriers 
with  linkage  through  the  phosphorate  moiety.  Twenty  two 
hundred  hybrldomas  have  been  soreened  by  ELISA  for 
reactivity  against  Soman  conjugated  to  heterologous 
carriers.  Forty  six  stable  hybrldomas  with  reactivity  in 
ELISA  have  been  obtained  and  all  have  been  cloned. 
Ascites  fluid  have  been  produced  on  ten  of  these.  All  of 
the  hybrldomas  will  be  tested  for  the  ability  to  bind 
SOMAN  in  a  competitive  ELISA  assay  at  USAMRICD  within  the 
next  two  aonths. 


2.  The  compound  methyl,  3-amino,  1 ,2  ,2-trimethlypropyl 
methylphoaphohate ,  a  Soman  analog  with  a  free  phosphorate 
group  was  designed  at  WRAIR  and  obtained  by  custom 
synthesis.  This  compound  has  been  successfully  coupled 
through  the  pinacohyl  moiety  to  succinylated  bovine  serum 
albumin  (BSA)  and  keyhole  limpet  hemocyanin  (KLH).  This 
conjugate  has  an  inert  spacer  arm.  This  conjugate  with 
free  phosphonate  groups  in  the  hapten  has  a  higher 
probability  of  eliciting  an  antibody  directed  against  the 
active  site  of  Soman  than  the  currently  available 
conjugates  coupled  to  carriers  through  the  phosphohate 
moiety.  Mice  have  been  immunized  with  these  conjugates. 

3.  In-vitro  stimulation  systems  for  production  of  mouse 
and  human  monoclonals  have  been  Investigated.  The  mouse 
system  requires  the  addition  of  supernatant  from  a  mixed 
lymphocyte  reaction  utility  mouse  thymocytes.  The  human 
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system  requires  autologous  serum,  removal  of  suppressor  T 
cells  and  supernatant  from  a  mixed  lymphocyte  reaction 
between  donor  lymphocytes  and  irradiated  heterologous 
lymphocytes.  Cometidine  coated  plates  which  remove 
histamine  receptor  positive  suppressor  T-cells  have  been 
prepared  and  utilized  on  this  system.  In-vitro 
stimulation  in  a  human  system  haa  been  performed  followed 
by  fusion  with  the  HFB-1  myeloma  cell  line.  The 
hybridomas  are  currently  being  screened  for  protection  of 
specific  antibody.  In-vitro  stimulation  currently  appears 
to  be  the  only  feasible  approach  to  production  of  human 
hybridomas  against  nerve  agents. 

Future  Plans 


1.  Different  conjugates  are  being  produced  by  outside 
contractors.  This  conjugate  will  be  used  with  differing 
immunization  schedules  to  produce  high  affinity 
monoclonals 

?.  It  is  scheduled  that  mice  will  be  given  L  D  _  ^  doses  of 
Soman  at  'JSAMRICD.  The  surviving  animals  will  then  have 
their  spleen  removed.  In-vitro  stimulation  with 
conjugates  and  with  Soman  directly  followd  by  fusion  will 
be  performed.  Direct  fusion  on  surviving  mice  will  be 
performed.  The  sera  from  surviving  animals  will  be  tested 
for  activity  against  Soman  to  determine  if  Soman  itself 
without  conjugation  is  immunogenic. 

3  •  The  clones  that  we  have  obtained  thus  far  will  be 
tested  for  specificity  of  binding  to  Soman  by  inhibition 
with  analogues.  The  affinities  will  be  estimated  and  the 
highest  affinity  clones  will  be  tested  in  mouse  protection 
assays  in  collaboration  with  USAMRICD. 

'4.  Human  in-vitro  stimulation  will  continue  with  Soman 
conjugates.  Human  clones  will  be  tested  in  the  same  way 
as  the  mouse  clones. 
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23.  (U)  Develop  and  evaluate  arthropod  bioassay  systems  for  screening  of  potential  chem¬ 
ical  nerve  agent  antidotes.  Identify  the  most  promising  systems,  develop  testing  method¬ 
ology  and  conduct  comparative  evaluations  with  existing  mammalian  systems.  The  develop¬ 
ment  of  effective  protective  measures  against  chemical  warfare  agents  is  a  high  priority 
project  for  the  Army  and  the  search  for  antidotes  to  the  known  chemical  warfare  nerve 
agents  is  an  important  part  of  that  effort.  Clearly,  realization  of  the  objectives  in 
this  work  unit  may  result  in  development  of  several  rapid,  inexpensive  arthropod  bio¬ 
assay  screening  systems  for  antidotes  to  CW  nerve  agents. 

24.  (U)  Conduct  a  literature  review  to  identify  3nd  prioritize  the  most  promising  in¬ 
sect  systems.  Hstablish  new  laboratory  and  insect  rearing  facilities  to  support  this 
work,  identify  laboratories  equipped  for  CW  nerve  agent  research  and  obtain  permission 
to  conduct  research  in  their  facilities,  establish  selected  insect  colonies,  develop  to 
conduct  research  in  their  facilities.  Establish  selected  insect  colonies,  develop  and  re 
fine  application  procedures,  testing  methodology  and  statistical  analysis  criteriz. 
Conduct  tests  and  evaluate  results  so  that  the  most  useful  3nd  effective  screening 

sys terns  can  be  brought  on-line. 

5.  (U)  82  10  -  S3  09  Renovation  of  laboratory  and  office  space  was  completed.  Colonies 
of  Musca  domestica  were  established  and  routine  rearin':  procedures  developed.  A  pro- 
edurc  for  injecting  M.  domestica  with  test  agents  was  developed  and  refined.  Baseline 
ose-response  data  for  DFP  and  atropine  was  developed  with  5-day  post  pupal  eclosion 
dult  females.  Hiring  attempts  to  fully  staff  the  project  are  being  continued.  For 
cchnical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report  1  Oct 
82  -  30  Sep  83. 
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Project  3M161102BS11  MEDICAL  CHEMICAL  DEFENSE  SCIENCE  BAS E/MECHANISMS  OF  ACTION 

OF  CHEMICAL  ACEHTS  AMD  ANTIDOTES 

Work  Uhit  233  Nerve  Agent  Antidote  Screening  with 
Invertebrate  Bioassay  Systems 

Investigators: 

Principal:  Donald  R.  Roberts,  LTC,  NEC 

Associate:  Robert  A.  Wirtz,  CPT,  NEC 

Problems  and  Objectives 

Development  of  defensive  measures  against  chenical  warfare 
nerve  agents,  classified  as  acetylcholinesterase  (AChE)  inhibitors 

(1.2)  is  a  high  priority  Department  of  Defense  medical  research  and 
development  effort.  AChE  is  the  enzyme  which  breaks  down 
acetylcholine,  the  primary  neurotransmitter  in  the  mammalian 
cholinergic  nervous  system.  The  blockage  of  AChE  by  nerve  agents 
results  in  the  continued  presence  of  excess  ACh.  This  causes 
repeated  firing  of  target  receptors  on  neurons,  muscles  and  glands 
which  leads  to  the  disruption  of  neural  ccrrmunicat ion  and 
eventually  death  (3).  Chemical  warfare  nerve  agents  with  this 
suspected  mode  of  action  include  sarin,  scman,  tabun  and  VX 

(1.2) .  These  compounds  are  nonrevers ible  inhibitors  which  rapidly 
and  permanently  bind  to  AChE.  They  also  undergo  unimolecular 
dealkylation,  a  process  referred  to  asnageingn  (4,5).  This  ageing 
results  in  a  nonfunctional  enzyme-nerve  agent  complex  which  cannot 
be  activated  using  traditional  antidote  therapy.  The  suspected 
mode  of  action  of  nerve  agents  is  similar  to  that  of  the 
organophosphate  insecticides,  which  are  also  nonrevers ible  AChE 
inhibitors  (3). 

Therapeutic  agents  that  are  currently  available  are  not 
completely  satisfactory  in  saving  life  and  in  reducing  physical  and 
mental  decrements.  The  search  for  new  and  more  effective 
therapeutic  and  pretreatment  drugs  continues.  Because  of 
limitations  in  conducting  efficacy  studies  in  humans  when  one  is 
dealing  with  organophosphorus  nerve  agents,  testing  is  almost 
entirely  carried  out  with  in  vitro  studies  or  animal  models. 

As  new  antidotes  or  pretreatment  drugs  are  proposed,  it  will  be 
highly  desirable  to  have  a  rapid  inexpensive  bioassay  screening 
system  avai lable  for  drug  development.  Bioassay  systems  using 
intact  insects  have  several  distinct  advantages  over  existing 
models.  Most  insect  systems  ere  rapid  and  relatively  inexpensive 
with  only  small  amounts  of  test  material  and  nerve  agent 
required.  This  can  be  especially  inportant  when  candidate 


antidotes  are  custom  synthesized  and  available  only  in  small 
quantities.  "Hie  use  of  small  amounts  of  nerve  agent,  determined  on 
a  ug/kg  live  body  weight,  is  an  added  safety  factor. j  Most  assays 
can  be  brought  on  line  quickly,  as  no  complicated  equipment  or 
training  are  usually  required.  Costly  animal  and  handling 
facilities  and  personnel  can  be  eliminated  as  less  expensive  mass 
rearing  procedures  have  been  developed  for  the  arthropods  currently 
under  consideration  for  use.  The  ability  to  use  large  numbers  of 
test  insects  and/or  large  sample  sizes  makes  these  tests 
particularly  applicable  to  statistical  analysis. 

The  question  as  to  the  applicability  of  tests  conducted  on 
insects  to  mammalian  systems  is  a  valid  one  due  to  differences  in 
major  organ  systems  and  detoxification,  activation  and  transport 
mechanisims.  However,  similar  modes  of  action  of  nerve  agents  are 
suspected  in  both  insects  and  vertebrates  and  the  presence  of 
similar  receptors,  enzymes  and  metabolic  systems  supports  this 
premise.  Once  test  data  are  available  results  can  be  carpared  to 
those  of  existing  noninsect  bioassay  models  and  in  vitro  data  to 
determine  the  feasibility  of  using  insect  systems  for  antidote 
screening.  j 

°rogress 

I 

Considerable  progress  has  been  made  during  the  last  12  months 
of  this  new-start  project.  Rocms  2073  and  2075,  Building  101, 
Forest  Glen  Set  ion,  WRAIR,  have  been  renovated  to  provide  office 
and  laboratory  space  for  this  project.  Colonies  of  organophosphate 
susceptible  and  multi-resistant  Musca  donest ica  (house  flies)  were 
received  from  the  USDA,  ARS  Laboratory,  Gainsville,  FL  and  routine 
rearing  procedures  have  been  established.  A  procedure  for 
injecting  M.  donest ica  wi th  test  agents  was  developed  and 
refined.  Pilot  studies  using  the  susceptible  fly  strain  indicate 
that  the  LD50  for  di isopropyl  f luorophosphate  (DFP),  a  nerve  agent 
simulant,  is  0.4  to  0.8  mg/kg  (7.8  to  15.6  ng/fly)  in  5-day  post 
pupal  eclosion  adult  fenales.  The  LD50  for  atropine  sulfate  is 
approximately  70  ug/fly,  with  surviving  insects  not  resuming  normal 
behavior  until  one  hour  or  more  after  injection. 

Progress  to  date,  e.g.  obtaining  and  renovating  office  and 
laboratory  space,  purchasing  necessary  supplies  and  equipment, 
establishing  rearing  procedures  for  colonies  of  M.  donest ica,  and 
conducting  preliminary  dose-response  studies  has  been  accanpl ished 
despite  consistent  failures  to  hire  a  professional  for  this 
project.  The  third  attempt  to  hire  a  professional  is  currently 
underway  and  we  are  expected  to  succeed.  Chce  this  project  is 
fully  staffed,  research  should  proceed  at  a  very  rapid  pace. 
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23.  (U)  The  objective  of  this  work  unit  is  to  study  the  medi'_3l/chemical  defense 
of  military  personnel  against  severely  intoxicating  chemical  agents  with  a  view  to 
defining  the  molecular  basis  of  inhibited  cellular  processes. 

24.  (U)  Tissue  culture  and/or  live  animal  methodology  will  be  developed  to  study 
the  mode  of  action  of  chemical  agent  poisoning.  Pharmacokinetics  and  metabolic 
profiles  of  protective  or  therapeutic  drugs  also  will  be  studied.  Selective 
enzymatic  assays  for  chemical  agents,  antidotes  and  cellular  targets  will  be 
developed.  The  relationship  and  ontogeny  of  certain  enzymes,  receptors  and 
neurotransmitters  w.ll  be  s:udied.  Recombinant  DNA  and  gene  cloning  procedures  will 
be  explored  to  further  define  ontogenetic  relationships  and  topology  of  reactive 
sites . 

25.  (U)  82  IQ  -  83  09:  Tissue  culture  method  employing  a  variety  of  cell  systems 

has  been  developed  to  study  the  mode  of  action  of  organophosphates  and  their 
antidotes.  Aprophen  has  been  found  to  be  able  to  be  hydrolyzed  to  diphenylpropionic 
acid  and  diethy laminoethanol .  Diethylaminoethanol,  in  turn,  can  undergo  acetylation 
in  the  presence  of  cholir.eacety ltransf erase  and  acetyl-CoA  to  form  a  novel  raise 
neurotransmitter,  diethylamJno  ethylacetate .  The  potential  ability  of  this  new 
agent  to  act  pharmacologically  at  the  muscarinic  and  nicotinic  receptors  is  being 
explored.  With  regard  to  aprophen  as  an  antidote,  it  wes  found  that  it  can  inhibit 
the  binding  of  [JH]QNB  (quinuclidiny 1  benzylate)  to  the  muscarinic  receptors  with  an 
I50  of  5  yM,  for  the  N4TG1  neuroblastoma  cells  and  0.8  tfi  for  the  NG108-15 
neuroblastoma  x  glioma  hybrid  cells.  For  technical  report  see  Walter  Reed  Army 

Institute  of  Research  Annual  Progress  Report,  1  Oct  8?  -  30  Sep  33. 
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PROJECT:  .  3IU61102BS11  i,  ED  I  CAL  CHOIICAL  DEI ttJSE  SCIENCE  BASE/MECHANISMS  OF  ACTION 

OF  CLERICAL  AChNTS  AND  ANTIDOTES 

WORK  UNIT:  234  r.olecvit.  biology  of  Medical  Defense  Against  Chen  leal  Agents 
INVESTICATORS: 

Principal:  Peter  K.  Chlang,  Ph.D. 

Associate:  B.  P.  Doctor,  Ph.D,;  Leo  Kazyak 

Assistant:  Richard  K.  Cordon,  Ph.D.;  SP5  Ceorge  Klura,  Ph.D.; 

F.-Y.  Chang,  Ph.  D.;  SFC  Evelyn  Moore;  SP4  Felipe  N. 

Padilla 

The  objective  of  this  work  unit  la  to  study  the  raedical/chernlcal 
defense  of  military  personnel  against  severely  toxic  chemical  agents  with 
a  view  to  defining  the  molecular  basis  of  Inhibited  cellular  processes. 

Tissue  models  are  developed  for  Investigating  the  modes  of  action  of 
organophosphates  and  their  antidotes  on  the  enzymes  and  receptors  of 
attendant  cholinergic  systems.  Other  physiological  and  neurochemical 
parnmetera  that  are  affected  will  also  be  assessed.  The  following 
investigations  were  conducted: 

1.  Antimuscarlnlc  activity  of  aprophen. 

2.  Biotransformation  of  aprophen. 

3.  In  situ  localization  of  acetylcholinesterase. 

4.  Role  of  methylatlon  in  cellular  processes. 

1 .  Antlnusc jrlnlc  Activity  of  Aprophen: 

The  antimuscarlnlc  activity  of  aprophen  was  assayed  by  the  Inhibition 
of  binding  of  the  muscarinic  antagonist  (JH]QNB  to  the  cells.  Aprophen 
blocked  the  binding  of  (JH]QifB  to  the  N4TC1  neuroblastoma  cells  and  the 
MG108-15  neuroblastoma  x  glioma  cells  In  a  dose  dependent  manner.  The  I«g 
(minimal  concentration  that  Inhibited  50?  of  the  binding)  was  5  pM  for  tne 
N4TG1  cells,  and  0.8  uM  for  the  NC108-15  cells.  There  were  about  1.7  x 
10  muscarinic  sltes/cell  (290  fmol/10  cells)  In  the  N47C1  cells,  with  a 
Kg  of  13  nM.  In  the  NG108-15  cells,  there  were  2.0  x  10  muscarinic 
sltes/cell  (340  fmol/10  cells),  with  s  Kg  of  10  nM.  The  Kg  values 
obtained  for  the  two  cell  lines  (*10  nM)  were  in  close  agreement  with  8  nM 
for  human  neu t rophl  1  'j ,  l  nM  for  rat  cottex  homogenates,  and  0.2-0. 5  r»M  for 
solubilized  atrial  membranes.  17  the  binding  of  [JH)QNB  were  calculated 
on  a  mg  protein  basts,  both  cell  lines  would  bind  approximately  300 
fmol/»g,  a  value  comparable  to  366-558  fmol  of  bound  per  mg  of 

synaptosomal  membranes,  and  450  fmol/ng  for  solublllzpd  atrial 
menbranes.  An  estimation  of  5  x  10**  muscarinic  sites  per  neutrophil  cell 
han  been  reoorted. 

In  contrast  to  Its  Inhibitory  effect  on  the  muscarinic  receptors, 
aprophen  has  no  discernable  effect  on  the  nicotinic  receptors  of  (JC108-15 
cells  %rhen  assayed  with  |  )  tuhocura  rlne .  There  are  about  1  x  10'* 
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nicotinic  sites/cell  (16  fmol/lO^cel Is )  in  the  NC108-15  cells,  with  a  Kp 
of  5.5  nM.  The  Kp  value  for  I JH  Jnibocurarine  compared  favorably  with  a  Kp 
of  12  nM  for  the  binding  of  ( JH jace t y lchol 1 ne  to  nicotinic  receptors  of 
rat  brain.  Moreover,  the  amount  of  ( ] tubocurari ne  hound  to  the  NG108-15 
cells  (16  fmol/mg)  was  close  to  the  finding  of  4,6  faol  of  (JHJacetyl- 
choline  bound  to  rt  nicotinic  receptors  of  rat  brain.  Virtually  no 
n'corlnic  receptors  could  be  detected  in  the  N4TG1  cells. 

2 .  Biotransformation  of  aprophen. 

Aprophen  rapidly  disappears  upon  incubation  with  primary 
hepatocytes.  This  can  be  explained  by  the  observation  that  aprophen  is 
readily  hydrolyzed  to  dipheny lproplonic  acid  and  di ethy laal noethanol  by  a 
variety  of  esterases.  Oiethylaminoethanol  has  been  found  to  be  able  to 
undergo  acetylation  in  the  presence  of  acetyl-CoA  and  choline  acetyl- 
transferase  to  form  a  novel  false  neurotransmitter,  diethylamlno 
ethylacetate.  The  potential  ability  of  this  new  agent  to  act  pharma¬ 
cologically  at  the  muscarinic  and  nicotinic  receptors  la  being  explored. 

3 .  In  situ  localization  of  acetylcholinesterase  (AChE). 

In  order  to  localize  organophosphate-poisoned  AChE,  this  program  has 
been  initiated.  Distinct  molecular  forms  of  AChE  have  been  Isolated  from 
Torpedo  electric  organs  and  characterized  biochemically.  These  Include  an 
aayixmetric  “tailed"  species  (17S  +  13S)  and  a  dimeric  hydrophobic  species 
(5.6S).  Monoclonal  antibodies  (MCAb)  were  raised  against  Torpedo  AChE  and 
have  been  characterized  for  antigen  specificity.  Most  antibodies  show  a 
high  degree  of  cross  reactlv'fy  between  the  different  molecular  forms  of 
AChE,  but  two  demonstrate  selectivity  for  on.y  one  form.  MCAb  4  P3  is 
specific  for  the  asymnietiric  species  (and  la  unreactive  towards  this  form 
of  the  enzyme  following  collagenase  or  trypsin  removal  of  the  tall 
section).  MCAb  4E7  exlblts  100-fold  selectivity  for  the  catalytic  subunit 
of  the  5.6S  hydrophobic  dimeric  form  of  AChE.  (’sing  these  MCAbs  as 
probes,  we  were  able  to  examine  the  distribution  of  the  different  forma  of 
AChE  in  Torpedo  electric  organ  by  immunofluorescence  and  iamunoelectron 
microscopoy.  MCAb  4E7  shows  a  diffuse  distribution,  staining  within  the 
synapse  giving  the  appearance  of  labeling  both  the  innervated  and  non- 
lnnervated  surfaces  with  approximately  equal  density.  These  patterns  were 
confirmed  using  1 mmunoe lec t ron  micorscopy.  In  contrast,  polyclonal 
antibodies  raised  against  the  asymmetric  form  hind  both  aayimnetric  and 
hydrophobic  forms  with  equal  avidity  In  vitro.  Although  these  polyclonal 
antibodies  do  not  appear  to  distinguish  oetween  molecular  forms  in  vitro, 
the  antigenic  sites  they  localized  in  situ  a  re  less  uniformly  distributed 
than  those  localized  by  the  monoclonal  antibody  directed  against  the 
hydrophobic  dimer  only.  Localization  by  both  light  microscopy  and 
electron  microscopy  reveal  the  same  pattern  of  staining. 

4 •  Role  of  aethylatlon  in  cellular  processes. 

a)  Aldosterone  stimulates  methylscion  reactions  snd  membrane  events 
in  cultured  toad  bladder  epithelial  cells:  The  effect  of  sldostercne 
(Aldo)  on  phospholipid  (PL)  biosynthesis  in  cultured  toad  bladder 
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epithelial  cells  was  studied  in  cells  incubated  with  [1,2-  Cjcholine  and 
[methyl-  H]methionine  during  a  5  hour  period.  Aldo  (10  M)  did  not  alter 
the  uptake  of  either  precursor,  but  significantly  stimulated  the  incor¬ 
poration  of  both  labels  into  phosphatidylcholine  (PC),  the  only  PL 
labeled.  u-lahellng  of  PC  increases  292  and  **C  incorporation  into  PC 
increased  342  ini  cells  exposed  to  Aldo.  A  similar  302  Increase  in  protein 
carboxvlmethylatlon  occurred  in  cells  treated  with  Aldo.  3-Deazaadenoalne 
(DZA),  a  methylation  inhibitor,  abolished  the  Aldo-st Jenilated  increase  in 
PC  labeling  froir^  [ ^Hjmethionine.  PC  labeling  from  [^Cjcholine  was  not 
affected  by  DZA. I  Both  basal  and  A?  do-s  t  imulated  protein  carbox- 
ymethylatlon  were  inhibited  by  D7.A.  DZA  (300  M)  caused  a  mild  decrease 
in  basal  short  circuit  current  (Isc),  ^>uC  completely  inhibited  the  I 
response  to  10  M  Aldo.  Inhibition  was  complete  when  DZA  was  added  up  to 
2  hours  following  exposure  to  Aldo,  and  was  reversible.  Cells  previously 
exposed  to  Aldo  showed  a  significant  increase  in  Tsc  within  2  hours 
following  removal  of  DZA.  Therefore,  Aldo  stimulates  PL  methylation, 
protein  carhoxvmethylation  and  turnover  of  PC  from  choline.  Inhibition  of 
methylation  reactions  coincides  with  the  inhibition  of  I  response  to 
Aldo.  The  exact  methylation  reactions  associated  with  the  transport 
response  remain  to  he  elucidated. 


h)  S-Adenosylhomocystei ne  hydrolase  (AdoMcyase)  from  hamster  liver 
purification  and  kinetic  properties:  DZA  is  hoth  an  Inhibitor  of  and  a 
substrate  for  AdoMcyase.  Its  administration  to  rats  results  in  the 
accumulation  of  both  AdoHcy  and  3-deaza-AdoHcy  in  the  liver,  and  other 
tissues.  In  hamsters,  however,  the  adml ni st rat  ion  of  DZA  results  only  in 
the  accumulation  of  3-deaza-AdoHcy.  In  order  to  investigate  the  possible 
reasons  for  this  difference,  AdoMcyase  has  been  purified  from  hamster 
liver  to  homogeneity,  and  some  of  its  kinetic  and  physical  parameters  were 
determined.  The  molecular  weight  of  the  native  enzyme  is  200,000  with  a 
subunit  molecular  weight  of  4H,000.  7 he  K  's  for  adenosine  and  DZA  are 

about  1.0  M,  and  the  V__  's  are  also  stmtYar.  The  K  for  AdoHcy  is 
1.0  M,  or  more  than  ten  times  smalle-  than  the  of  the  rat  liver 
enzvne.  This  difference  in  value  may  explain  the  differences  in  the 
response  of  rat;  and  hamster  liver  to  the  administration  of  DZA.  AdoMcyase 
from  hamster  liver  exhibits  an  Interesting  kinetic  property  in  that  its 
activity  can  be  affected  hi  modally  by  either  adenosine  or  adenosine 
analogs.  At  very  low  concentrations  of  these  analogs,  the  activity  of 
AdoMcyase  can  be  stimulated  by  10-302,  and  at  higher  concentrations  these 
sare  analogs  become  competitive  inhibitors. 
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23.  (U)  The  technical  objective  of  this  work  unit  ’S  to  evaluate  the  efficacy  of  new 
antimalarial  drugs  in  non-immune  human  volunteers  experimentally  infected  with  malaria. 
Studies  are  performed  in  support  of  the  Army  Antimalarial  Drug  Development  Program,  and 
are  an  essential  part  of  each  official  Investigational  New  Drug  (IND)  submission. 

|24.  (U)  Normal  male  volunteers  are  recruited  from  the  civilian  and  military  (MRVS)  popu¬ 
lation  of  the  greater  metropolitan  Washington,  D.C.,  area  by  public  advertisement.  Each 
individual  receives  a  thorough  medical  evaluation  and  must  give  his  valid,  informed  con¬ 
sent  before  being  permitted  to  participate  in  the  study.  As  a  study  subject,  the  volun¬ 
teer  is  admitted  to  an  in-patient  research  facility  at  Ft.  Detrick,  inoculated  with 
malaria  and  treated  with  the  drug  or  drugs  specified  in  the  protocol  for  each  study. 

Each  volunteer  is  then  observed  for  a  sufficient  period  of  time  to  ensure  that  he  is 
cured  of  malaria  and  is  free  from  any  adverse  effect  from  his  participation  in  the  study. 
25.  (U)  Studies  were  continued  to  determine  the  lowest  effective  oral  dosage  regimen  of 
WR  180 ,409'H3P04  that  produces  100%  cure  in  volunteers  with  experimentally  induced 
P.  falciparum  malaria  (Smith  isolate).  Oral  doses  ranging  from  1500  mg  to  500  mg  were 
studied.  The  lowest  dose  found  to  be  100%  effective  was  500  mg  followed  in  12  hrs  by 
250  mg.  Studies  to  determine  the  lowest  dose  of  WR  194 .965-H3P04  that  produces  100% 
cure  in  similarly  infected  subjects  have  begun.  Three  subjects  have  been  treated  with  a 
total  oral  dose  of  2250  mg.  The  follow-up  is  in  progress.  One  patient  continues  to 
receive  WR  638  for  cystincsis  in  a  study  performed  in  conjunction  with  the  NIH.  For 
technical  reports  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  82  -  30  Sep  83. 
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Project:  3M463750D808  DRUG  AND  VACCINE  DEVELOPMENT 
Work  Unit:  001  Phase  II  Antlmalarlal  Drug  Trials 
Investigators: 

Principal:  Melvin  H.  Hel ffer,  Ph.D. 

Associate:  LTC  C.  Pamlln,  LTC  T.  Cosgrlff,  COL  C.  Canfield, 

LTC  8.  Schuster,  Dr.  L.  Fleckensteln,  MfiJ  M. 
Shmuklarsky ,  LTC  J.  Berman,  SP5  P.  Barr 

1.  Description. 

Phase  II  clinical  studies  Involve  evaluating  the  efficacy  of 
candidate  antimalarial  drugs  In  a  limited  number  of  patients 
subjected  to  a  controlled  clinical  Infection  with  malaria.  These 
studies  are  an  essential  bridge  between  tolerance  studies  In  healthy, 
noninfected  volunteers  and  a  wide  scale  study  of  the  curative 
potential  of  the  new  drug  In  malaria  patients.  A  major  aspect  of 
Phase  II  studies  Is  determination  of  a  curative  dose.  Pharmaco¬ 
kinetic  evaluations  of  the  candidate  drugs  in  man  are  also  performed 
as  they  are  an  essential  prerequisite  of  dosage  selection. 

2.  Progress. 

Human  efficacy  studies  for  treatment  of  blood-1 nduced  P. 
falciparum  malaria  (Smith  isolate)  treated  with  WR  180,409*H^P0a  wer? 
comp leted  at  USAMRIID.  An  additional  15  subjects  for  a  total  of  22 
total  subjects  were  enrolled  In  the  Phase  II  study.  A  total  oral 
dose  ranging  from  750  mg  to  1500  mg  given  as  divided  doses  12  hours 
apart  was  effective  In  all  subjects.  A  single  subject  who  received 
500  mg  (6.4  mgAg  given  as  a  single  oral  dose)  was  not  cured.  Five- 
hundred  mg  followed  by  250  mg  orally  12  hours  later  was  the  lowest 
total  dose  that  was  curative  In  all  subjects.  On  a  weight  basis  the 
lowest  effective  dose  was  10.2  i  1.3  mg/kg. 

A  clinical  protocol  for  the  evaluation  of  the  efficacy  of 
WR  194.965-H3P04  against  blood-induced  Infections  with  the  Smith 
Isolate  of  P.  falciparum  malaria  was  begun.  The  purpose  of  this 
protocol  is  to  determine  the  lowest  total  dose  which  is  100% 
effective  In  treating  this  multi-drug  resistant  isolte  of  falciparum 
malaria  To  date  a  total  of  3  study  subjects  have  been  enrolled  In 
the  protocol  and  treated  with  2250  mg  of  WR  194,965  orally  In  divided 
doses  ol  750  mg  at  0,  12  and  24  hours.  Follow-up  of  these  study 

subjects  Is  not  complete  at  this  time.  Total  doses  ranging  from  2250 
mg  to  500  mg  will  be  studied  In  this  protocol. 
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WR  638  continues  to  be  studied  in  conjunction  with  the  Institute 
of  Child  Health  and  Development  at  the  National  Institutes  of  Health 
as  a  treatment  for  cystinosis.  Currently  one  study  subject  receives 
WR  638  on  a  daily  basis  at  a  dose  of  130  mg/kg/day.  Two  study 
subjects  were  dropped  from  this  protocol  during  the  course  of  the 
year  because  of  non-compliance  with  the  dosing  regimens. 

3.  Future  Work . 


Efficacy  studies  of  WR  194,965-H3p0a  will  continue.  The  patient 
currently  being  treated  with  WR  638  wi 1 T  be  continued  on  the  drug 
during  the  next  year  while  a  suitable  sponsor  for  continued  studies 
is  located. 

4.  Publ i cations. 

Cosgriff,  T.M.,  Boudreau,  E.F.,  Pamplin,  C.L.,  Doberstyn,  E.B., 
Desjardins,  R.E.,  and  Canfiel d,C .J. :  Evaluation  of  the  antimalarial 
activity  of  the  phenanthrenemethanol  halofantr'ne  (WP,  171,669).  Am. 
J.  Trop.  Med.  Hyg.  31(6) :1075-1079,  1982. 

Cosgriff,  T.M.,  Boudreau,  E.F.,  Pamplin,  C.L.,  Berman,  J.D.  , 
Shmuklarsky,  M.J.  and  Canfield,  C.J.:  Evaluation  of  the  antimalarial 
activity  of  the  4-pyridi nemethanol  WR  180,409.  In  preparation. 


RESEARCH  AMP  TECHNOLOGY  WORK  UNIT  SUMMARY 


T«  «*w*V  tuiCRV  «  mtmo  O*  *««*«*•▼ 

10  01  D.  Chance 


83  10  01 


j^gflsK^^oBgjnjEnEEEOPI  amjagcssj 


MOjfCT  MUMM» 


A  t«  A«(A  NUHICR 


WORN  UNtT  NUMltH 


WFiwinn  |  CARDS 


)  Evaluation  of  New  Antiparasitic  Drugs  and  Vaccines  in  the  Tropics 


l«HT1HC  A-O  7fCM«OiO«4C<i  AUCAI 


0100  Microbiology  002600  Biologv 


!«.  RtRYOMMAMCI  MCTMCO 


IKMtlKI  OOO  ONQAMt  I  ATlOM 


OMANIIATHM 


» -  «-  -  -  -  - 

•  Walter  Reed  Army  Institute  of  Research 
<u*  Washington,  D.C.  20307 


»*“•*  US  Army  Medical  Component,  AFRIMS 
Bangkok,  Thailand 


iron  uar  <i  u  t.  4 


)■«*.!  IHOAVYOuAfc. 


TOP,  F.  H.  JR 


(202)  576-3551 


•*««•  BENENSOH,  M.W.,  COL 
66-2-281-7776 

tOCIAl  »€CW«HTY  ACCOUNT  HO«allCM< 


auociati  mv«*Tt«Ar«»wBOUDREAU  t  E  •  F  -  f  WE] 

MAHCi  WARD.G.S..  EX.WELL ,  M .  P 

ANDRE, R. G. ,  ; ChILDL , G. E. '  1 


miurui/  -  VJ.  / 

"«*«*  ROSENBERG /R.M. 


pangIl!^.  p°c:  da 


(U)  Malaria;  (U)  Halof antrine;  (U)  Mefloquine; 
)  Quinine;  (U)  Human  Volunteer;  (U)  Doxycycline;  (U)  Leptospirosis _ 


CNNtCAL  OSjCCTIVC.*  14.  AF*«W»C>».  **•  »•««•<«  (f^NAA  I 


■r.  *•<(  *4  «*o»  iMwfly  C t+€0404+*t-m»  J 


.  (U)  The  objective  of  this  task  is  to  establish  the  efficacy  of  new  drugs  for  both 

aphylaxis  and  treatment  of  tropical  infectious  diseases  of  military  importance.  Paxti- 
lar  emphasis  is  placed  on  malaria,  a  disease  of  worldwide  endemicity  and  resistance  to 
iventional  drugs,  which  continues  to  cause  high  attack  rates  (up  to  50*)  in  unpro- 
:ted  troops.  The  effect  of  conventional  and  experimental  antimalarials  in  treatment, 
sphylaxis  and  transmission  of  drug  resistant  falciparum  malaria  will  be  determined. 

.  (U)  Army  investigational  antimalarial  drugs  are  compared  with  standard  drugs  and  new 

nbinations  of  standard  drugs  in  the  treatment  and  prophylaxis  of  drug  resistant  falci- 
:um  malaria  in  hospitalized  human  volunteers.  Advanced  development  and  field  testing 
new  techniques  supporting  this  task  will  be  accomplished.  Candidate  antimalarial 
jgs  will  be  evaluated  using  simian  malaria,  as  a  model  for  human  malaria. 

.  (U)  82  10-83  09  Two  prophylaxis  studies  were  initiated  comparing  mefloquine,  chloro- 
me- fansidar ,  and  doxycycline  in  a  trial  in  the  Royal  Thai  Army,  and  the  second  compar 
floquine,  chloroquine,  and  chloroquine- fansidar  in  Thai  gem  miners.  Therapeutic  and 
jphylactic  trials  were  initiated  in  animal  models  looking  at  doxycycline  in  leptospiro 
i.  The  malaria  drug  screening  program  continued  using  monkeys  obtained  from  the  States 
;  chemotherapeutic  trials  of  halofantrine  and  quinine-tetracycline  in  PTN  Marines  and 
\  troops  respectively  were  continued.  The  in  vitro  drug  sensitivity  testing  as  comple- 
it  of  the  drug  trials  was  also  continued.  The  study  of  immunosuppressive  effects  of 
:imalarial  drugs  on  lymphocytes  continues.  Biochemical  targets  of  drug  development 
jking  at  ADA  and  the  effect  of  2 ' deoxycoformycin  in  a  primate  model  was  also  continued 
:  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

:  82  -  Sep  83. 
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1.  Eva  l  a  •  i  on  of  Jin  i. 

Sporuzoi  induced  Ini  ‘C’i  »  >t  Captive 

Horn  Macaea  :  sicularis 


i'liii  .  ws  ceased  exportation  ot  rhesus  donkeys 
wiirh  a  re  us»  G  'll  Hie  l’l,i:,.no>i  i -tm  cynrmoh’.i  a  rim.ilarial 
compound  testing  model.  A  systematic  cvdluai  ion  of  captive 
Horn  •Jacica  fasicularls  lias  not  been  completed  fo  detetmine 
if  ip  is  species  could  be  used  to  supplement  scarce  rtiesus 
a  onke  vs  . 


i'.k(Ai  HESS :  Twenrv-fivc  AKRIMS  produced  cyncmolgus  have  been 

inoculated  with  P.  cyncmolgi  sporozoites.  Tine  intact 
cvnunolgus  does  not  develop  an  infection  comparable  to  the 
rhesus.  The  splenec  f  ora  i  zed  captive-bom  cyncmolgus  monkey 
appears  ro  be  capable  of  supplementing  rhesus  in  ant  irnala  rial 
compound  testing.  Relapse  occurs  (as  in  rhesus  monkeys) 
after  clearance  of  blood  forms  with  chloroquine  given  alone 
or  along  with  a  noncuratlve  dose  of  primaquine  or  test 
c  cm  pound . 

FUTURE!  OBJECTIVES : 

1.  Gather  data  on  a  larger  lumber  of  splenecrcmized 
cyncmolgus  for  significant  comparison  to  the  rhesus . 

2.  Use  this  model  for  evaluating  potentially  toxic 
compounds  . 


2  .  Evaluar  ton  ot  Expe  rlmental  Ant  ima  I  a  rial 
Drugs  for  Had  leal  Curat ive  Ac  1 1 v i r  y  in  r  he 
Rhesus  Monkeys 

PROBLEM :  The  ability  of  the  malarial  organism  to  became 

resistant  to  standard  therapeutic  agents  is  well  known. 
Primaquine  is  the  primary  m.  ical  curative  agent  at  present 
and  its  use  is  accompanied  by  several  adverse  effects.  This 
has  prompted  a  search  for  equally  or  more  effective  agents 
which  are  less  toxic  than  primaquine. 

OBJECTIVES:  To  test  candidate  anrimalarial  compounds  for 

radical  curative  activity  in  the  sporozoite  induced 
Plasmodium  cynom  o  I  g  i  -  Rhesus  model. 

PROGRESS:  The  mosquito-monkey  P.  cyncraolg  1  cycle  has  been 

reestablished  and  45  rhesus  and  splenectam  ized  cyncmolgus 
monkeys  have  been  used  in  the  antiraaiarial  drug  development 
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program  during  FY  83.  A  primaquine  baseline  study  has  been 
completed.  Thirteen  new  compounds  have  been  received  for 
testing.  Radical  curative  screening  has  been  completed  on  7 
compounds  and  25  compounds  are  currently  in  progress.  Thirty 
young  U.S.  origin  female  rhesus  and  17  adult  malaria  virgin 
rhesus  females  from  USAMRIID  were  shipped  to  AFK1MS  for 
compound  screening  in  FY  83.  In  FY  84,  AFRIMS  produced  young 
rhesus  will  be  used  for  radical  curative  resting. 

Potentially  toxic  compounds  are  being  screened  in 
splenectan ized  cyncmolgus  also  produced  in  the  AFRIMS 
breeding  colony. 

FUTURE  OBJECTIVES:  To  continue  screening  compounds  and 

attempt  to  decrease  present  backlog  of  untested  compounds. 


3 .  Loptospl rosis  in  the  Hamster: 

Chemoprophylaxis  in  f he  Acuf e  Infection 

PROBLEM :  Leptospirosis  is  a  worldwide  zoonotic  illness  that 

is  common  in  rropical  areas  and  recently  has  been  a  cause  of 
outbreaks  of  acute  "flu-like"  illness  in  troops  in  jungle 
training  exercises.  Presently  the  nonhunan  primate  is  being 
studied  in  our  laboratory  as  a  model  for  acute  leptospirosis 
and  chemophrophylaxis .  A  hsraste r  model  has  been  previously 
described  for  acute  leptospirosis.  A  clinical,  often  fatal 
illness  results  in  hamsters  Infected  with  seme  strains  of 
leptospira.  This  animai  model  will  be  a  useful  addition  to 
the  primate  model  for  testing  potential  prophylactic  drug 
t reatment  for  leptospirosis.  Also  the  hamster  is  an  ideal 
laboratory  animal  for  isolating  strains  of  leptospira  from 
samples  contaminated  with  other  bacterial  or  fungal 
organisms.  Proposed  studies  on  the  epidemiology  of 
leptospirosis  will  necessitate  the  use  of  hamsters  and 
familiarity  with  this  model  for  isolation  of  leptospira  f  ran 
infected  water  sources. 

OBJECTIVES: 

1.  To  characterize  the  acute  Leptospira  batavlae  infection 
in  the  hamster  and  determine  the  virulence  and 

infect ivity  of  the  organism. 

2.  To  determine  the  benefit  of  doxycycline  prophylactic 
treatment  in  leptospira  infected  hamsters. 

3.  To  obtain  serovar  specific  antisera  for  developing  an 


ELISA  method  to  detect  the  acute  infection 


PROGRESS :  Uptosplra  bafaviae  isolates  f  roa  patients  in 

Thailand  have  been  shown  to  be  virulent  and  produce  a  chronic 
renal  infecrioi  in  hamsters  with  int rape ritoneal  doses 
containing  as  *ew  as  1-10  organisms.  A  single  oral  dose  of 
doxycycline  prevents  a  fatal  infection  but.  most  hamsters 
develop  a  chroiic  leptosplra  renal  infection.  Daily 
treatment  for  4  days  or  more,  started  at  the  time  of 
infection  or  as  late  as  4  days  after  infection  prevents  death 
as  well  as  chronic  renal  infection.  Similarly,  doxycycline 
treatment  of  hams'  ers  with  a  chronic  renal  infection  is 
effective  in  eliminating  leptospira  f rciti  the  kidney. 

FUTURE  OBJECTIVES: 

1.  Sera  from  hamsters  immunized  with  different  strains  will 
be  tested  using  in  F.L1ZA  method  for  the  diagnosis  of 
leptospirosis.  An  antigen  of  broad  cross  reactivity  for  a 
many  se rova rs  will  be  sought  to  use  in  this  test. 

2.  Hamsters  will  be  used  far  testing  water  samples  for 
leptosplra  Infection.  Hamsters  of  40  grams  in  groups  of  at 
least  4  will  be  injected  inf raperitoneally  to  test  a  given 
sample  . 


4.  Leptospirosis  in  the  Non-human  Primate  Model: 

Chemoprophylaxis  and  Ea  rly  Diagnosis  of  Infection 

PROBLEMS:  Leptospirosis  is  a  common  zoonotic  disease  found 

throughout  the  world.  The  clinical  features  in  man  range 
from  an  influenza-like  illness  to  a  more  severe  disease  form 
manifested  by  continued  fever  with  meningitic  symptoms  and 
signs.  In  sane  cases  infection  can  lead  to  renal  and  hepatic 
failure,  jaundice,  and  even  death.  Leptospirosis  is 
frequently  found  in  the  tropical  areas  of  the  world  and 
recent  attention  has  focused  on  several  outbreaks  in  soldiers 
training  in  jungle  areas.  Symptomatic  treatment  and 
antibiotic  therapy  are  used  in  the  acute  illness.  However, 
once  symptoms  are  evident  the  beneficial  effect  of 
antibiotics  is  questionable.  The  relatively  long  recovery 
period,  even  with  treatment,  suggests  that  prevention  is  the 
practical  approach  in  solving  the  problem  of  leptospi  ..  osis . 

It  is  difficult  to  prevent  direct  contact  wit!,  leptospira 
contaminated  water  in  a  tropical  environment,  especially 
during  military  maneuvers.  Immunization  against  specific 
serovars  of  leptospira  can  protect  ...limals  but  immunization 
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ot  hi:'  is  not  practical  unless  the  serovar  endemic  to  the 
area  is  identified  or  a  vaccine  with  broad  antiserovar 
activity  is  developed.  Last  year  we  reported  that  the 
ex  ;h*  rinenf  a  1  infection  of  monkeys  with  a  local  liunan  isolate 
ot  the  ojfaviae  serovar  produced  a  bacterereia  of  one  to  six 
days,  infection  of  the  CSK,  and  a  bacteruria  for  up  to  four 
weeks.  An  antibody  response  was  detected  by 
aic  roa gg  1  u  f  inat  i on  by  one  week  and  peak  titers  were  reached 
py  3-4  weeks. 

OBJECTIVES i 

1.  To  characterize  clinical  leptospirosis  in  the 
no.-hunan  primate  model. 

2.  To  determine  the  efficacy  of  anribiotic  treatment  as 
a  prophylaxis  for  the  acute  infection. 

3.  To  determine  If  an  ELISA  method  for  detecting 
lepfospi ra  antibody  or  anrigenemia  is  a  useful  means  for 
obtaining  rapid  early  diagnosis  of  leptospl rosis . 

PKiA.Kh.SS :  The  inhibition  of  leptospira  by  different 

antibiotics  was  tested  in  v 1 1  ro .  Uoxycycline  was  more 
effective  than  m lnicycl ine  or  tetracycline  against  Three 
isolates  of  L.  baf.avlae.  Di  eloxae  i  1  i  in  had  no  effect  ar 
tested  concent  rat  ions  up  to  4  ug/ml,  Ir.  a  pilot  experiment, 
the  se  rua  iron  2  monkeys  given  doxycycline  intiibited  growth 
of  lepfospi ra  in  vitro  when  samples  were  taken  as  long  as  72 
hours  after  a  single  oral  dose  (5  mg/kg). 

When  eight  monkeys  were  treated  daily  for  10  days  with  a 
single  .lose  of  doxycycline  based  on  a  2-3  mg/kg  equivalent 
dose  for  mar,  there  was  no  bacteremia  or  the  number  of  days 
ot  bacteremia  was  reduced.  In  addition,  infection  of  the  CSF 
and  chronic  renal  infection  occurred  in  placebo  treated 
controls  but  was  not  seen  in  infected  monkeys  treated  with 
doxycycl 1 ne  . 

In  two  other  groups  of  monkeys  a  single  dose  of 
doxycycline  was  given  two  flours  prior  to  infection.  In  6/8 
doxycycline  treated  monkeys  file  number  of  days  of  bacteremia 
were  less  rhan  in  controls.  In  two  monkeys  the  period  of 
bacteremia  was  similar  ro  infected  placebo  treated  monkeys 
and  one  of  these  developed  a  chronic  renal  infection.  Ii\  the 
eight  placebo  treated  monkeys,  six  developed  chronic  rentfl 
Infection  and  leprospira  were  cultured  f  rcm  the  CSK  of  three. 
Leptospira  were  never  isolated  f  run  the  CSK  of  any 


doxycycline  r  reared  monkey.  An  ELISA  method  for  defecting 
lcptospira  IgM  was  developed  with  Virology.  To  dare  rhe 
ELISA  rest  has  been  used  tor  monkeys  and  can  defect  IgM 
antibody  to  1. .  hafavlae;  nowever  In  its  present  form  this 
meth.*!  Is  not  as  sensitive  as  rhe  m  ic  roaggi  ut  i  naf  1  on  method. 

FUTURE  OBJECTIVES : 


1.  Further  develop  and  refine  the  ELISA  to  defect  low 
antibody  titers  to  lepfosplra. 

2.  Test  sera  f  ram  monkeys  immunized  with  different 
serova r  antigens  oy  rhe  ELISA  method  and  find  an  antigen  or 
c  mh  )  na  f  i  on  of  antigens  that  will  defect  serovar  infections 
rh.if  are  present  In  Thailand. 


5  .  K  t  1  e  c  f  ol  Ant  lm  a  I  a  r  1  a  1  Drugs  on  Human 
Lyn  phoc  y  f  e  Response  t  o  Ml  f  ogen  1  c  Lee  tins 

PROBLEM:  Since  inmunosupp ress  1  on  is  a  characteristic  of 

malaria  lntecfion  rhe  posibillry  that  an  antlmalarial  agent 
■nay  lfselt  cunpronise  Lmmune  responsiveness  becones  an 
Important  clinical  consideration.  A  drug  Induced  decrease  In 
host  Immune  capacity  during  malaria  infection  could  result.  In 
a  prolonged  (uruslfe  clearance  time  and  subsequent  delayed 
recovery  1  rua  the  disease.  Similarity,  the  compromise  to  the 
parlenf  may  result  in  Increased  suscepr 1 bt 1 1 f y  to 
lnfercurrent  Illness.  There  is  also  the  concern  for  malaria 
endemic  populations  where  subopr tmal  chemoprophylaxis  may 
combine  wvrh  the  disease  trself  so  as  to  compromise  vaccine 
employment  -  especially  a  prospective  malaria  vaccine. 

!’  'CRESS:  Mitogenic  lectin  Induced  lymphocyte  blast 

T  r  i  iiif'u  p-i  i  r  i  on  provides  an  established  assay  for  evaluation 
of  nlluijr  Immune  responsiveness,  lie  have  standardized  an 
in  vitro  mitogenic  lectin  assay  to  assess  whether  selected 
ant  im.i  1  a  rl  al  drugs  suppress  cellular  insane  responsiveness  In 
human  i  vm  plioc  yf  es  .  Preliminary  studies  show  that  the  new 
ant  1  mu  I  a  rial  drugs,  mefloquine  and  halofant rine  ,  suppress 
normal  lymplioycte  response  to  mitogenic  lectins 
(  pliyf  ohemag  1  uf  iril  n  ,  Concanavsl 1 n  A  and  pokeweed  mitogen). 
These  drugs  also  suppress  responsiveness  of  m  ocionuclea  r  calls 
Isolated  from  malaria  parlents. 

FUTUKE  OBJECTIVES:  These  studies  represent  hi  vi  t  ro 

cond i r J  ons  and  may  not  accurately  reflect  the  in  vivo 
s 1 r ua f 1 on-espec la  1 1 y  when  metabolites  of  a  specific  drug 


331 


occur.  A  combination  In  vlt  to/ in  vivo,  test  system  has  been 
proposed  as  a  more  predictive  measure  for  assessing  the 
effect  of  ant  imala  rial  drugs  on  iawune  responsiveness. 


6.  Adenosine  Deaminase  in  ;ialaria  Infection: 

Effect  or  2 ' -Deuxycot  o  tm  ycln  i n  vivo 

PROBLEM :  l*urine  nucleotides  are  required  by  the  rapidly 

p  rol  i  f  e  ra  1 1  ng  malaria  parasite  for  both  ene rgy  metabol isra  and 
nucleic  acid  synthesis.  The  malaria  parasite  cannot 
synthesize  purines  de  novo  and  depends  for  Its 
i nt rae ryt h roc yt ic  (It)  growth  and  development  on  salvage  of 
purine  bases  frcw  the  host  KBC  anu  extracellular  environment. 
We  have  shown  with  Plasm  od  Ilti  f  a  i  c  1  pa  run  ,  in  vi  f  ro  ,  rh&r 
hypoxanthine  is  utilized  as  a  purine  base  precursor  for 
parasite  synthesis  of  adenosine  and  guanosine  nucleotides  and 
that  specific  inhibition  of  these  synthetic  pathways  leads  to 
parasite  destruction.  VAiefher  tiypoxanf h ine  is  the  malaria 
parasires  preferred  substrate  in  v i vo  is  not  known.  An 
increase  in  adenosine  deaminase  (ADA)  activity,  however,  is 
an  obvious  means  tor  production  of  It  hypoxanthine.  Increased 
availability  of  hypoxanthine  would  be  a  natural  consequence 
of  adenosine  merabollsn  in  the  mature  erythrocyte  since  this 
cell  lacks  the  enzyme  xanthine  oxidase.  Conversely, 
inhibition  of  ADA  activity  could  act  to  deprive  the  rapidly 
growing  It  malaria  parasite  of  a  readily  accessible 
hypoxanthine  pool  for  purine  nucleotide  synthesis. 

PROP  RE  SS  :  Adenosine  deaminase  f rom  both  human  P.  f  a  1 c 1  pa  rum 

and  monkey  P.  knowlesi  has  been  cha rac t e ri zed  by  an 
immunoassay.  Host  KBC  ADA  enzyme  was  precipitated  with 
rabbit  anti-human  RBC  ADA  antibody  bound  to  S.  aureus.  The 
non- lmn> uno reac f  1  ve  parasite  enzyme  was  recovered  in  the 
supernatant.  The  parasite  enzyme  has  been  characterized  for 
Its  kinetic  properties  and  response  to  inhibitors. 

Deoxycof  o  nm  vc  i  n  Inhibited  both  parasite  and  host  ADA  whereas 
the  competitive  ADA  inhibitor  eryfhro-9-  ( 2-hyd roxv 1 -3-nony 1 ) 
-adenine  ( 11HNA )  was  Ineffective  for  the  parasite  enzyme. 
Deoxycofocmyc in  administed  to  P.  knowlesi  infected  rhesus 
monkeys  produced  a  dramatic  reduction  in  parasitemia 
implicating  catabolism  of  adenosine  as  an  important  source  of 
parasite  nypoxantti  ine  .  Infection  was  not,  however, 
eliminated  bv  deoxycof  n  myc  in  In  vivo  suggesting  stage 
specificity  of  the  agent  or  an  alternative  source  of 
hypoxanthine  once  Infection  has  progressed. 

Ft)  TO  RE  OBJECTIVES:  Tlie  project  should  he  continued.  The 
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central  role  of  hypoxanrh lne  In  malaria  parasite  purine 
metabolism  provides  a  unique  bi  ochem  ica  l  focus  for 
antimalarial  drug  design.  A  series  of  new  purine  inhibitors 
have  been  developed  and  will  he  tested  against  p.  falciparum 
in  virro.  Further  studies  will  be  done  on  the  question  of 
sfage-speclt lc 1 ty  for  deoxycof  o  rm  y- i  n  and  the  role  of  ADA  in 
parasire  development  and  proliferation. 

7 .  In  vi f  roAnf lmala  ria 1  Drug  Sens i f i vi r y 

Test ing 

PROBLEM:  In  Thailand,  Plasm  od  i  >«n  falciparum  Is  now 

resistant  to  conventional  anrimaiariai  drugs.  This 
resistance  varies  f  ran  almost  complete  in  the  case  of 
chloroquine  and  other  4— am inoqu i nol 1 nes  and 
py rimetham  ine/sul fadoxine  to  mexierafe  out  increasing  for 
quinine,  tjulnine  ar  high  therapeutic  dose  continued  to  be 
e  f  I  ec  f  i.  ve  when  combined  with  tetracycline.  Two  new 
antimalarial  drugs,  mefloquine  and  ha  1  of  ant ri ne ,  have  been 
introduced  into  Thailand  and  are  now  In  various  stages  of 
evaluation  and  development  .  In  vitro  ant  lma  I  l  "  i  a  1  drug 
sensitivity  testing  provides  an  objective  means  of 
quantifying  dose- response  cha rac f e rist ics  for  individual 
drugs  and  fiius  the  identification  of  resistance  patterns  in 
Tha  1  land  . 

PROGRESS:  A  radioisotope  m  i  c  rod  i  1  ut  i  on  technique  tias  been 

adapted  to  rest  antimalarial  activity  in  vitro  under  field 
conditions.  The  technique4  was  standardized  in  the  central 
Hangkok  laboratory.  The  technique  is  based  on  incorporation 
of  (3  II)  nypoxant  hi  ne  by  parasitized  Rlh.'  in  microculture. 
Inhibition  of  uptake  of  (3  H)  hypoxant h i ne  by  the  parasites 
serves  as  an  indicator  of  antimalarial  activity.  This 
technique  has  proven  more  sensitive  and  precise  than 
traditional  microscopic  .nefiuxis.  It  also  permits  large  scale 
testing  with  fewer  personnel.  Uufa  computation  and  records 
storage  has  been  automated. 

Antimalarial  drugs. are  being  tested  in  support  of  Phase 
III  clinical  evaluation  studies  and  other  field  medical 
protocols.  The  drugs  are:  .met  Loquine  ,  ha  1  of  anr  ri  ne  ,  WR 
190409,  quinine,  chloroquine,  pyrimethamine  and  suifadoxine. 
The  data  1  rum  in  vlt  ro  testing  has  helped  accomplish  the 
following:  (1)  provide  in  v 1 t ro/ 1 n  vivo  correlation  of 
antimalarial  drug  response;  (2)  establish  base-lino 
quantitative  data  (ID  50);  (3)  permit  identification  and 
collection  of  drug  resisrant  malaria  strains;  (4)  allow 
comparative  testing  of  malaria  strains  from  treatment 
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failures  when  rhey  occur;  and,  (5)  support,  comparative 
epidemiological  studies.  Methods  have  been  established  for 
use  of  rhe  radioisotope  procedure  In  the  field. 

Morphological  field  tests  have  been  developed  for  testing  of 
antifols.  A  c ryobank  has  been  established  for  preservation 
of  reference  strains.  Additionally,  work  has  begun  on 
cloning  of  -nefloquino  resistant  strains  of  P  ■  f  a  1  c  1  pa  rum  . 

nJTl'KF.  OBJECTIVES:  Anfimalarial  d  rug  resistance  is  an 

on-going  problem.  If  is  essential  that  anflaalarial  drug 
sensirvify  testing  oe  done  on  a  continuing  basis  to  support 
clinical  trails  and  provide  base-line  epidemiological  data  on 
d rug  resistance  in  Thailand. 


8.  The  Treatment  of  H 1  a  sm  od  1  urn  f  cl  cl  pa  rug  Malaria 
with  iia  lot  ant  ri  ne  ,  a  Phenanr  h  reneme  t  hanol 

PROBLEM :  The  rapid  development  of  drug  resistance  in  P. 

falciparum  .malaria  necessitates  rhe  continuing  process  of  new 
drug  development  for  potent  blood  sch  1  z  on  t  icides  wtilch  could 
replace  mefloquine  as  an  arit  imala  ria  l  treatment  drug. 
Halofantrine  ( WR  I71,bf»9)  is  in  Phase  11  testing. 

in  clinical  Phase  II  studies  performed  in  27  non  immune 
subjects  Infected  with  Vietnam  Smith  strain  P.  falciparum, 
all  14  subjects  who  received  1000-1500  mg  as  split  doses  over 
a  single  day  were  cured.  Only  3  HI  recrudescences  occurred 
in  single  doses  of  1000  mg  or  1500  mg.  In  addition  the 
remaining  10  .arienfs  who  received  higher  doses  of  the  drug 
over  a  longer  rime  period  were  ail  cured  (1). 

The  important  task  was  to  determine  field  efficacy  of 
rhis  new  anfimalarial  drug.  Therefore  1500  mg  spilt  dose 
over  one  day  was  compared  against  mefloquine  as  single  dose 
in  a  treatment  trial  of  multi-drug  resistant  P.  t  a lc 1  pa  run 
malaria  oti  the  Thu  i -kampucliean  border. 

PROGRESS :  Proa  October  15,  1982  -  Ocrober  15,  1983  at  Ft. 

Taksln,  Chanfaburi  in  a  population  of  Koya’  Thai  Marines  and 
volunteer  soldiers  naturally  Infected  with  P.  falciparum 
malaria  a  double  blind  randomized  treatment  trial  was 
conducted.  These  soldiers  had  parasite  counts  between 
1 000- 1  Co  ,  uuO/mra  3  ,  and  had  no  G 1 ,  renal  or  cerebral 
complications.  They  were  dosed  then  obse rved  as  hospitalized 
patients  in  a  non-mala rious  area  for  21  days  post  treatment 
and  were  examined  again  at  day  28  after  returning  to  their 
units. 
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Fifty-nine  patients  were  dosed  with  lialofatrlne  ar  500 
mg  i]  (i  hr  x  3.  53/59  patients  were  cured  (902).  There  were 

6  R I  recrudescences.  (1  day  12,  3  day  21,  1  day  26,  and  1 
day  28). 

Thi  rr y-eighf  patients  were  treated  with  mefloquine 
single  dose.  Twenty  patients  received  a  1500  mg  dose  and  18 
patients  received  a  1000  mg  dose.  20/20  patients  were  cured 
at  the  1500  mg  dose  (100Z),  and  17/18  patients  were  cured  at 
the  1000  mg  dose  (9 4*  cure  rate).  There  was  J  RI 
recrudescence  at  day  28.  The  comparative  parasite  clearance 
times,  (POT),  lever  clearance  times  (FCT),  initial  parasite 
counts  ( 1  PC )  and  side  effects  are  out  lined  below. 


Geometric  Mean  Mean  PCT  Mean  FCT 

I  PC/  ( pe  r  nun  3) 


Halo  500  mg  a 

6  hr  x  3  n- 59 

14,893 

75 

h  r 

54.6  hr 

Mof  loquine 

1 500  mg  n«  20 

12,745 

64 

h  r 

34.3  hr 

Mef loquine 

1000  mg  n«  18 

18,375 

72 

hr 

33  hr 

Vomitring  Nausea 

Diarrhea  Abdominal 

Pain  None 

lmlo  500  mg  every 

6  hr  x  3  n»59  20* 

29* 

22* 

8.4* 

42Z 

t  l oqu 1 ne 

1500  mg  a- 20 

20* 

20Z 

45Z 

5Z 

40Z 

Mel loquine 

1 000  mg  n» 1 8 

28* 

HZ 

39* 

0 

67Z 

FUTL’KK  OBJECTIVES:  In  order  to  elucidare  the  degree  of 

c ross- res i stance  between  mefloquine  and  halof ant ri ne ,  a 
treatment  trial  should  be  perfonned  with  halofantrine 
patients  receiving  mefloquine  after  recrudescence  and 
mefloquine  failures  receiving  halofantrine  treatment.  Blood 
levels  of  halofantlnre  should  be  done  on  all  future 
halofantrine  patients  at  day  1,  3  and  5. 
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A  pharmacokinetic  study  of  halofantrine  in  patients 
infected  with  P.  falciparum  would  develop  guidelines  to  judge 
the  adequacy  of  blood  level  in  malaria  patients  treated  with 

ha iof ant  rine  . 

REFFKENCES: 

1.  Cosgift,  T.M.,  Boudreau,  E.F.,  Pamplin,  C.L.,  Doberstyn, 
E.B.,  Desjardins,  R.I.,  Canfield,  C.J,  Evaluation  of  the 
Antimalarial  Activity  of  the  Phenanth  renentethanol 
Halofantrine  (WR  171,669)  American  Journal  of  Tropical 
Medicine  and  Hygiene  31 ( 6 ): 1075- 1079  (1982), 

9 .  The  Can  pa  rlson  of  Mef 1 oqulne  and  Doxycycline  as 
Clinical  Prophylactic  Agents  for  Falcipa  run 
and  Vivax  Mala  rla  in  Roya 1  Tha 1  Army  Troops 
Assigned  to  rhe  Thai -Kampuchean  Bo rde  r 

PROBLEM :  Ant imala ria 1  prophylaxis  in  South  East  Asia  has 

been  of  great  concern  with  the  emergence  of  chloroquine 
resistance  in  the  60's  and  70's  and  Fansidar  resistance  in 
rhe  80's.  The  last  meaningful  prophylactic  study  was 
performed  by  AFR1MS  in  Prachinburi  Province  in  1976  comparing 
Fansidar  and  Mefloquine  (1).  It  revealed  a  greater  than  951 
protection  rate  for  both  Fansidar  and  Mefloquine  given  either 
weekly  or  every  rwo  weeks  using  a  double  dose  against  P. 
falciparum  .  Fansidar  had  a  91Z-93Z  protection  rate  against 
P.  vivax  .  Current  CDC  and  WHO  recommendation  for  Thailand 
are  Chloroquine  plus  Fansidar  administered  on  a  weekly  basis. 

We  examined  rhe  prophylactic  efficacy  of  three 
ant  imala  rial  drugs  in  a  highly  endemic  area. 

PRUCRESS:  The  duration  of  this  study  was  14  weeks  from  5 

July  1983  -  14  October  1983.  Three  hundred  and  twenty  two 
patients  were  enrolled  f roi  four  sites  along  the  Kampuchean 
border  (Khao  Tangoc  ,  Khao  Sarapee,  Khao  Din,  and  Khun  lAiol). 
They  were  randomly  assigned  to  one  of  three  prophylactic 
groups-  mefloquine  250  mg  weekly,  chloroquine  300  mg  base 
plus  fansidar  (500  mg  sulfadoxine  with  25  mg  pyrimethamine) 
or  doxycycline  200  mg  2  x/week. 

Forty-three  patients  have  been  positive  to  date  out  of 
322  patients.  None  were  in  the  mefloquine  group.  Attack 
rates  for  each  drug  group  will  be  calculated  and  the 
significant  difference  between  groups  will  be  noted. 
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FUTURE  OBJECT.'  ES: 


1.  Mefliqutne  prophylaxis  on  a  weekly  basis  is  100X 
protective  ev  in  Ir.  fhis  area  of  multi-drug  resistant 
mala  rla . 

2.  Dox";ycllne  should  be  evaluated  as  a  100  mg/day 
prophylacfic  dose. 

REFERENCE; 

1.  Pearlman,  E.J.  et  al.  Chemosuppressive  Field  Trials  in 
Thailand  IV.  The  Suppression  of  Plasraodluti  falclpa run  and 
Plasmodium  vivax  Parasitemias  by  Mefloquine.  M  .  J.  of  Trop 
Med  and  Hyg .  26( 6) : 1 1 31-1 1 37  (1980). 


10.  The  Pha  caacoklnetles  of  Int  ravenous 
Quinine  in  Patients  with  Nia r u ra  1 1  y 
Acqul red  Falclpa rum  Ma 1 a  r 1 a 

PROBLEM:  Quinine  continues  to  hold  the  distinction  of  being 

rhe  only  parenteral  treatment  drug  for  chloroquine  resistant 
P.  falclpa  rum  .  Intravenous  administration  of  quinine  is 
essent ial  Tor  treating  critically  ill  patients.  The  success 
of  quinine  treatment  depends  on  achieving  adequate  blood 
Levels  of  the  drug.  There  are  known  to  be  large 
interindividual  variations  in  plasma  quinine  levels  and  we 
hope  to  Identify  the  major  factors  accounting  for  such 
variability  in  quinine  disposition  in  patients  undergoing 
intravenous  rherapy. 

PROGRESS :  One  IV  infusion  of  quinine  HCL  650  mg  ,  in  500  ml 

of  normal  saline  was  administered  over  two  hours  and  serial 
blood  and  urine  samples  were  collected  over  a  26  hour  period. 
The  final  five  of  nineteen  patients  completed  this  study 
between  Oct  1982-Oct  1983.  The  re  was  one  RI1  resistant 
patient  ro  the  followup  rherapy  of  quinine  650  mg  tid  x  3 
days  with  tetracycline  500  mg-25Qng-250  mg  x  7  days. 

The  study  was  concluded  and  awaits  High  Performance 
Liquid  Ch  ramatog  raphy  analysis  of  the  serum  and  urine  quinine 
levels  and  the  synthesis  of  a  pharmacokinetic  curve. 

The  arirhmetric  mean  initial  parasite  count  of  the  group 
was  31,284  pe  r  ram  3 .  The  mean  parasife  clearance  time  was 
97.2  hours  and  the  mean  fever  clearance  time  was  87  hours, 
following  a  treatment  program  of  quinine  650  mg  rid  x  3  days 
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and  r of  rac vc  1  i ne  500  mg-250  mg-25o  ■»_;  t'd  .<  7  days. 
njTTJRI.  OBJECTIVES:  Pending  data  analyst.. 


1  1  .  The  Comparison  of  Ohio roqu ine ,  Chloroquine- 
Eans  1  da  r  and  Me  f  1  oqu  i ne  as  Cl  inlcal  Prophylacf  1c 
Agent  s  for  P.  falciparum  and  P.  vivax  Malaria 
1  n  Tb  a  i  Con  .'liners  A 1  ong  the  Tha  I  -Ram  puchean  Horde  r 

PROBLEM:  The  goa 1  of  this  study  was  to  assess  if 

chloroquine  plus  fansidar  has  a  prophylactic  efficacy 
superior  to  chloroquine  alone,  and  to  compare  both  to  the 
best  available  an t ima la ria 1 ,  mefloquine. 

PROGRESS :  This  study  began  on  July  21,  1982  in  Sorai  , 

Thailand.  As  of  15  October  1983,  199  subjects  had  oeen 
enrolled  in  this  prophylactic  trial.  Patients  have  been 
randomly  assigned  to  one  of  three  drug  groups  (1)  chloroquine 
(300  mg  base/weekly)  plus  fansidar  (1000  mg  sulfadoxine  and 
50  mg  of  pyrimethamine)  every  2  weeks,  (2)  chloroquine  300 
mg  base  weekly  or  (3)  mefloquine  500  mg  every  two  weeks. 
Medications  are  administered  in  a  double-blinded  fashion. 
Forry-tive  patients  were  positive  to  date:  5/45  on  week  1, 
24/45  on  week  2,  3/45  on  week  3,  5/45  on  week  4,  1/45  on  week 
5,  2/45  on  week  6,  2/45  on  week  B,  3/45  on  week  10,  all  with 
P.  f  a  1 c 1  pa  nra  .  Fifty-nine  patients  were  discharged  f run  the 
study  due  r0  poor  compliance  with  followup  visits. 
Seventy-seven  patients  continue  in  the  study  to  date. 

FUTURE.  OBJECTIVES:  Our  goal  is  to  follow  450  patients  to 

either  positivity  or  to  a  canplete  14  week  follow  up. 


12.  Canpar3five  bl  oa  va  1  lab  i  1  i  t  y  and  Renal 

Clearance  of  the  Cert  b  i  n  a  r  i  on  ot  Quinine  and 

Tet  racyciine  Given  SLa  u  1  r  aneous  i  y  or  Sequent  ia  1 1  y 

PROBLEM:  To  evaluate  the  bioavailability  of  tetracycline 

when  administered  sequentially  or  simultaneously  with  quinine 
and  to  assess  the  effect  quinine  has  on  the  renal  clearance 
of  tetracycline.  Also  to  elucidate  the  effect  simultaneous 
tetracycline  lias  on  servm  levels  of  quinine. 

PROGRESS :  A  total  of  25  patients  comprised  this  study 

population  at  Fh rabuddhabhar  Hospital  in  central  Thailand. 
Eleven  of  twenty-five  patients  were  treated  between  October 
1982  and  October  1983.  The  clinical  portion  of  the  study  is 
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now  complete  and  awaits  biochenical  and  pha raacokinetic 
analysis  at  URAIK. 


The-  mean  age  of  both  sequential  (Group  I)  and 
simultaneous  (Group  II)  Q-T  was  28  years  old.  The  mean 
weight  for  group  I  was  53  kg  and  for  Croup  II  was  57  kg. 

Side  effects  were  not  significantly  different  in  each 
gruup.  j 


Mean  Fever  Mean 

Parasite  Clearance  Initial 

Clearance  Time  Parasite 

" .me  Count 


Quinine  650  mg  x  3  days  followed  92  hr  66  hr  21,780 
by  Tetracycline  1  gm  per  day  x 
7  days  (Group  I) 
n  »  12 


(Juinine  650  mg  x  3  days  together  88  hr  59  hr  18,864 
with  Tetracycline  1  mg  per  day 
x  7  days  (Group  II) 
n  «  13 


Fl'TL'KK  OBJECTIVES:  Pending  pha  macoki  net  i  c  analysis. 

Tinnitus  was  universal,  perhaps  indicative  of  adequate  blood 
levels,  while  blurred  vision  as  a  sir.ni  of  drug  toxicity  was 
seen  in  three  patients  (two  Group  I  and  one  Group  II). 


1 1 .  The  T  reatment  of  p  ■  fa  1 c i pa  rum  Ma I  a  ria 
with  a  Cob  hi nation  of  Quinine  and  Ter  racycl ine 

PK0BUC1;  To  detenu  Ine  the  elf  cacy  of  the  combination  of 
quinine  and  tetracycline  In  ve.ious  treat-rent  regimens  and  to 
compare  them  to  mefloquine  f  ,r  efficacy  and  severity  of  side 
effects.  All  patients  we  random  i  zed  i  and  treated  with  one 
of  four  drug  regimens:  mefloquine  1500  mg  single  dose, 
quinine  650  mg  every  8  hr  x  6  days  and!  tetracycline  500  mg 
every  H  hr  x  6  days  (Q6  T6),  quinine  650  mg  every  8  hr  x  3 
days  jnd  tetracycline  500  mg  every  8  hr  x  7  days  (TQ3  T7)  or 
quinine  650  mg  loading  dose  followed  by  quinine  325  mg 
every6  hr  x  3  days  plus  tetracycline  250  mg  every  6  hr  x  7 
Jays  (  Q3  T7).  The  patients  were  examined  daily  for 
symptoms  or  physical  findings  and  hospitalized  for  21  days  of 
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a  28  day  follow  up  period  In  a  non— aala rious  area. 


PROCRESS: 

Arithmetic 

Mean 

Mean  Cure 

Rec  rude  s- 

bean 

Pa  ra  s  i  t  e 

Fever  Rate 

cences 

Initial 

Clearance  Clearance 

Paras  ire 

Time 

Time 

Count 

Mef  Loquine 

23,033 

65.2  hr 

40.4  hr  92Z 

1  RI  day  21 

n  -  26 

per 

(24/26)  1  RII  nor  ; 

19/26  between 

mm  3 

cleared  in  j 

Oct  82-Oct83 

14  days  * 

Q6  T6 

23,403 

86.5  hr 

58.5  hr  100Z 

4  P.  vivax 

n  -  A2 

per 

(42/42) 

relapses 

18/A2  between 

mra  3 

1  day  21 

Oct  82-Ocf  83 

2  day  29 

1  day  28 

Q3  T7  High  Dose  29,933 

92.5  hr 

64  h  r  902 

2  RI  day  28 

n  »  20 

per 

(17/19) 

1  lost  to 

18/20  between 

mm  3 

followup 

Oct  82-Oct  83 

day  21 

Q3  T7  Low  Dose 

21,253 

106  hr 

57  hr  93Z  1 

RI  day  28 

n  «  1  5 

pe  r 

(14/15) 

2  P.  vivax 

15/15  between 

mra  3 

1  day  27 

Ocr  82-Oct  83 

1  day  28 

FUTU  RE  OBJECTIVES :  The  srudy  will  be  continued  until  AO 

patients  are  in  each  group.  To  date  mefloquine  has 
comparable  efficacy  with  Q3  T7  (high  or  low  dose). 
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23,  (U)  This  work  unit  is  concerned  with  development  of  manufactur ing  methods  and  pro¬ 

duction  of  new  vaccines  for  military  use  and  with  modification  of  existing  biological* 
tc  increase  cf  f  ec  t  iver  ,*ss ,  reduce  reactivity,  to  afford  greater  stability  and  to 
minimize  logistic  requ • reraen ts . 

2U.  (0)  Increased  ef f t c t  i  veness  and  reduced  reactivity  are  pursued  by  applying  new 

physical  and  chemical  methods  to  process* n- .  Improvement  in  stability  and  reduction 
of  logistic  requirements  are  achieved  by  pplication  of  modern  freeze-drying  and 
packaging  techniques. 

25.  (Li)  82  10  -  83  09  Investigations  on  the  development  of  new  and  improved  biologies 
for  military  use  have  continued.  Eleven  meningococcal  protein-polysaccharide  vaccines 
have  been  prepared,  tested,  and  made  available  for  human  tests  and  studies  on  improved 
methods  of  production  Initiated.  An  oral  Escherichia  coli  pilus  vaccine  has  been 
made  available  for  human  studies  and  work  initiated  on  producing  two  additional  lots 
comparing  the  effect  of  methods  of  inactivation  on  yield  and  immunogenic  1 ty .  A 
second  lot  of  a  Salmonella  typhosa-Shigel la  sonnei,  live  oral,  freeze-dried  vaccine 
using  a  new  hybrid  strain  is  currently  in  the  production  stage.  Production  of 
certified  seed  lot3  of  a  strain  of  l.eishmania  has  been  completed.  For  technical 
report  see  Waite”  Reed  Army  institute  of  Research  Annual  Progress  Report, 

1  Oct  82  -  30  Sep  83. 
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PROJECT  3M463750D808  DRUG  AND  VACCINE  DEVELOPMENT 
WORK  UNIT  003  ADVANCED  VACCINE  DEVELOPMENT 

Invest i gators : 

Principal:  Sanford  L.  Berman,  Ph.D. 

Associates:  Patricia  L.  Altieri 
Calvin  Powell 

Problems  and  Objectives 

Investigations  on  the  developrr'  .it  of  new  and  improved  biolog¬ 
ical  products  for  human  use  have  continued.  Eleven  different 
meningococcal  vaccines  were  prepared,  tested  and  made  available 
for  field  studies.  Work  was  also  initiated  on  improving  the  pro¬ 
duction  methods  for  these  products.  An  oral  Escherichia  coli  pilus 
vaccine  was  produced  and  made  available  for  field  studies  and  work 
was  initiated  on  the  production  of  two  new  lots  of  vaccine  compar¬ 
ing  methods  of  inactivation  and  the  effect  on  immunogenicity .  A 
second  lot  of  a  Sal  monel  la  typhosa-Shlgel la  sonne  1  hybrid  oral, 
live,  attenuated  vaccine  is  currently  being  produced  using  a 
hybrid  seed  strain  more  stable  in  genetic  character  than  the  first 
lot  made  available  for  field  tests.  Certified,  tested  and  stable 
Leishmania  seed  preparations  were  made  available  for  studies  on 
the  production  techniques  for  a  diagnostic  skin  test  antigen. 

Progress 

Meningococcal  B  strain  proteins  were  isolated  from  two  diffe¬ 
rent  B  strain  cultures  and  combined  in  various  formulations  with 
A,  C ,  Y,  R,  and  W— 135  purified  polysaccharides.  Eleven  meningo¬ 
coccal  protein-polysaccharide  vaccines  were  prepared,  tested,  and 
made  available  for  field  studies.  Studies  were  also  initiated  on 
comparing  the  effect  of  formalin  inactivation  and  extraction  with 
empigin  BB  detergent  on  resultant  B  strain  protein  products. 
Preliminary  results  indicate  a  significant  increase  in  yield  com¬ 
pared  to  previous  methods  and  these  materials  are  currently  being 
analysed  as  to  chemical  make-up,  specificity,  size,  and  pyrogeni- 
city.  Methods  were  developed  for  obtaining  pure  culture  agar  grown 
harvests  of  E .  coJ_i  for  the  subsequent  preparation  of  purified  pilus 
oral  vaccines  and  a  lot  was  prepared,  tested,  and  made  available 
for  field  studies.  Studies  were  also  initiated  using  formalin  for 
inactivation  of  the  E.  coli  instead  of  irradiation  and  both  pro¬ 
ducts  compared  in  rabbit  Immunogenicity  tests  appeared  equal. 
Formalin  Inactivation  would  make  a  safer  production  method,  inact¬ 
ivating  the  E.  co_l_i  before  purification  procedures  were  employed 
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rather  than  at  the  end  of  the  procedure  as  required  with  the  use 
of  irradiation  Inactivation.  Currently,  a  formalin-inactivated 
and  an  irradiated  lot  of  pilus  vaccine  are  being  prepared  for 
human  trials.  Using  a  genetically  more  stable  strain  of  a 
S.  typhosa-S .  sonnei  hybrid,  production  of  a  second  lot  of  a 
Typhus-Shigella  hybrid  vaccine  was  initiated.  This  material  will 
be  tested  and  made  available  for  field  studies,  Seed  cultures  of 
the  Leishmania  parasite  were  prepared,  tested,  and  found  suitable 
for  production  of  a  Leishmania  skin  test  antigen.  The  frozen  seed 
materials  were  made  available  to  the  Department  of  Parasitology, 
Division  of  Experimental  Therapeutics,  for  studies  on  techniques 
for  producing  the  skin  test  antigen. 

Recommendat ions 

The  direction  of  future  work  with  the  meningococcal  vaccines 
will  depend  on  the  results  of  the  field  trials  with  the  current 
vaccines  available.  If  any  show  proni-,,  ,  product,  •> :  a 

large  lot  will  be  required  for  future  field  trials,  Etturts  to 
Improve  production  techniques  for  the  meningococcal  vaccines  will 
continue,  Production  of  the  2  lots  of  purified  E.  coli  pilus 
vaccines  will  continue  and  after  safety  testing,  these  will  be 
made  available  for  tests  in  humans.  It  is  also  expected  that  a 
whole  E.  coli  organism  vaccine  will  be  produced  for  field  tests. 

The  production  and  testing  of  the  Typhoid-Shigella  h-.brid  v.v  «.  i  .u* 
will  be  completed  and  preparation  of  other  hybrid  vaccines  will  be 
attempted.  The  department  of  Biologies  Research  will  continue  to 
provide  production  and  f reeze-dry irtg  support  to  other  investigators 
as  required. 

Bibllograp  I  ljt 
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23.  (U)  To  develop  a  gonococcal  vaccine.  Gonorrhea  has  reached  epidemic  proportions  in 
field  troops  in  some  areas  (20  cases/ 1000/day)  and  gonococcal  strains  have  developed 
resistance  to  penicillin  as  well  as  second  line  drugs. 

24.  (U)  The  general  approach  is  to  study  and  determine  the  immunologic  response  to 
naturally  occurring  gonococcal  infections,  determine  the  gonococcal  antigen(s)  respon¬ 
sible  for  that  immunologic  response,  correlate  these  studies  with  natural  disease,  and 
then  develop  that  antigen(s)  as  a  vaccine  candidate.  Gonococcal  pili  which  function  to 
attach  the  gonococcus  to  epithelial  mucosal  ceils,  have  been  isolated  and  purified. 
Antibodies  directed  against  gonococcal  pili  block  the  attachment  of  gonococci  to  epi¬ 
thelial  cells.  A  prototype  gonococcal  pilus  vaccine  has  been  tested  in  humans  and  has 
been  found  to  be  safe  and  immunogenic.  Field  studies  to  determine  vaccine  efficacy, 
antibody  level  correlates  and  antigenic  variation  arc  planned.  It  is  anticipated  that 

a  multi-antigen  vaccine  will  eventually  be  developed. 

25.  (U)  82  10-83  09  A  field  trial  to  test  the  efficacy  of  P32  vaccine  was  conducted 
n  US  troops  in  ROK  January -March  1983.  3252  volunteers  entered  the  double  blind, 

placebo-controlled  trial  (50  percent  vaccine,  50  percent  placebo).  93  percent  completed 
the  8  week  study.  Vacrinees  received  100  ralcrograms  dose  2  weeks  apart.  Serum  and 
secretion  were  collected  ac  2  week  intervals.  Treatment  facilities  were  manned  to 
evaluate  venereal  disease  cases.  The  vaccine  was  well  tolerated.  Operationally,  the 
studv  was  a  success.  There  were  approximately  200  cases  of  GC  defined.  Preliminary 
results  indicated  the  vaccine  offered  little,  if  any,  protection  during  the  trial  period^ 
(For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Progress  Report, 

1  Oct  82  -  30  Sep  83). 
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Project  3M4657S0D808  DRUG  AND  VACCINE  DEVELOPMENT 
Work  Unit  004:  Gonococcal  Vaccine  Development 
Investigators: 

Principals:  COL  Edmund  C  .  Tramont,  MC 

Samuel  S.  Formal,  Ph.D. 

Associates:  COL  Jerald  C.  Sadoff,  MC 

MAJ  John  Boslego,  MC 
MAJ  Raymond  Chung,  MC 
CPT  Myron  Piziak,  MSC 
CPT  Daniel  McChesney,  MSC 

Problem 

The  incidence  of  gonorrhea  in  military  populations  is 
highest  in  young  adults  t'-  veen  the  ages  13  and  30  years, 
the  bulk  of  the  military  ..opulation.  In  some  parts  of  the 
world  where  U.S.  troops  -  re  stationed,  attack  rates  of 
gonorrhea  are  500  per  1000  per  year  and  it  is  estimated 
that  up  to  801  of  enlisted  troops  will  contract  gonorrhea 
at  least  once  during  their  tour  of  duty.  The  highest 
prevalence  of  penicillin  resistant  gonococcal  strains 
occur  in  those  parts  of  the  world  where  military  troops 
are  stationed.  For  example,  greater  than  751  of  the 
gonococcal  strains  now  being  isolated  in  Subic  Bay, 
Philippines  are  resistant  to  penicillin.  Resistance  to 
spec t 1 nomy c in  has  also  recently  been  reported.  The 
objectives  of  the  WRAIR  program  are  to  determine  the 
antigens  of  the  gonococcus  that  elicit  an  immune  response, 
to  study  the  mechanisms  of  immunity  to  the  gonococcus  and 
to  develop  vaccines  to  protect  against  clinical  disease. 


A  field  trial  protocol  to  test  the  efficacy  of  P32 
gonococcal  pilus  vaccine  was  developed  and  approved  by 
standard  scientific  and  human  use  committees.  Because  of 
the  nature  of  venereal  disease  and  the  potential  for 
adverse  publicity,  review  of  the  protocol  by  the  Sec  Army 
as  well  as  the  Dept  of  Defense  was  needed.  Approval  was 
finally  obtained  from  the  Deputy  Sec  Defense  for  a 
worldwide,  tri-service  testing  program.  US  military 
personnel  stationed  in  the  Rep \i bile  of  Korea  were  selected 
as  the  initial  field  trial  candidates.  The  field  trial 
occurred  between  Jan-Mar  1983*  A  total  of  3252  volunteers 
entered  the  double-blind,  placebo  controlled  study  (501 
vaccine,  501  placebo).  931  completed  the  8  week  trial 
period.  The  vacclnees  received  100  ug  of  vaccine  I.D.  on 
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day  1  and  a  booster  on  day  14.  Serum  and  local  secretions 
were  collected  at  0,2, 4, 6  and  8  wks.  Medical  treatment 
facilities  were  manned  by  physician  assistants  endogenous 
to  the  study  team  during  the  trial  to  evaluate  all 
potential  venereal  disease  cases.  The  field  trial  was  an 
operational  success.  An  adequate  number  of  volunteers, 
good  follow-up,  good  laboratory  support  and  adequate 
disease  surveillance  were  all  accomplished.  Cooperation 
between  medical  and  line  units  was  optimal.  The  vaccine 
was  well  tolerated.  No  major  systemic  reactions 

occurred.  There  was  no  adverse  publicity.  The  ROK 
government  was  supportive  of  the  study.  Approximately  200 
cases  of  gonorrhea  occurred  in  study  patients  and  these 
were  evenly  divided  between  the  vaccine  group  and  the 
placebo  group  suggesting  little  vaccine  efficacy. 
Laboratory  evaluation  of  strains,  serum,  secretion  is 
underway. 

Future  Studies 

1)  Assay  serum  and  secretions  for  antibody  levels.  Look 
for  protection  with  high  antibody  level  group. 

2)  Do  antibiotic  sensitivity  tests  on  all  isolates. 

3)  Analyze  and  compare  the  antigenic  determinants  of  the 
pili  from  the  infecting  strains  with  the  vaccine 
p  i  1  u  s  . 

4)  Devise  a  2nd  generation  vaccine  composed  of  mixed 
pilus  types  or  of  a  more  immunogenic  common 
determinants. 

5)  Investigate  local  immunization  techniques. 

6)  Second  generation  vaccine  field  trial  FY  05. 
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23.  (U)  Infectious  diseases  continue  to  be  a  threat  to  military  operations.  Effective 
vaccines  are  a  means  to  control  infections,  and  several  have  reached  the  stage  of  devel¬ 
opment  which  requires  preliminary  testing  in  human  beings  for  safety  and  antigenicity. 
Current  emphasis  is  on  the  testing  of  meningococcal  vaccines.  Preliminary  safety  and 
antigenicity  studies  in  human  beings  of  experimental  vaccines  are  necessary  before  ef¬ 
ficacy  studies  of  experimental  vaccines  can  be  undertaken. 

24.  (U)  Experi  mental  vaccines,  consisting  of  purified  products  extracted  from  bacteria,  I 
are  prepared  in  pilot  lots  by  the  Department  of  Biologic  Products,  WRAIR.  These  are 
tested  tor  safety  and  antigenicity  in  the  laboratory.  Following  review  by  the  SGO  and 
the  Bureau  of  Biologies,  FDA  and  with  the  consent  and  cooperation  of  Field  Commanders, 
these  vaccines  are  tested  in  soldier  volunteers  for  safety  and  antigenicity. 


25.  ( U)  82  10-83  09  Clinical  testing  of  the  meningococcal  tetravalent  A.,C,Y,W135  vac¬ 
cine  was  completed.  Results  Indicated  that  the  vaccine  is  safe  and  antigenic  and  chat 
the  dose  could  be  reduced  from  200  to  60  micrograms  without  reduction  in  antigenicity. 
Tills  vaccine  has  now  been  licensed  and  its  routine  use  in  military  recruits  was  in¬ 
itiated  in  FY83.  Croup  B  meningococcal  disease  remains  a  problem.  Five  new  lots  of 
meningococcal  group  B  vaccine  Including  a  combined  group  B- te trava len t  vaccine  were 
prepared  for  human  use  and  characterized  with  respect  to  composition,  purity,  safety 
and  antigenicity.  These  vaccines  consist  of  serotype  protein-capsular  polysaccharide 
complexes  and  were  prepared  using  improved  protein  purification  methods  which  results 
in  lower  levels  of  contaminating  endotoxin.  These  vaccines  are  ready  for  clinical  test¬ 
ing.  (For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Report, 

1  Oct  82  -  30  Sep  83) . 
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Project  5M4t>37S0D808  DRUG  «■  VACCINE  DEVELOPMENT 


Work  Unit  °U5  :  Role  of  Polysaccharide  Antigens  in 
Immunity 

Investigators:  Wendell  D.  Zollinger,  Ph.D. 

Samuel  B.  Formal,  Ph.D. 

Brenda  Brandt,  MS 

P  roblem 

Infectious  diseases  continue  to  be  a  threat  to 
military  operations.  Effective  vaccines  are  a  means  to 
control  infections,  and  several  have  reached  the  stage  of 
development  which  requires  preliminary  testing  in  human 
beings  for  safety  and  antigenicity.  Current  emphasis  is 
on  the  testing  of  meningococcal  group  B  and  tetravalent 
A , C ,  Y,  W-135  vaccines.  Preliminary  safety  and 

antigenicity  studies  in  human  beings  of  experimental 
vaccines  are  necessary  before  efficacy  studies  of 
experimental  vaccines  can  be  undertaken.  Experimental 
vaccines,  consisting  of  purified  products  extracted  from 
bacteria,  are  prepared  in  pilot  lots  by  the  Dept.  of 
Biologic  Research,  WRAIR.  These  are  tested  for  safety  and 
antigenicity  in  the  laboratory.  Following  review  by  the 
SCO  and  the  Bureau  of  Biologies,  FDA  and  with  the  consent 
and  cooperation  of  Field  Commanders,  these  experimental 
products  are  tested  in  soldier  volunteers  for  safety  and 
antigenicity. 

P  regress 

The  relationship  of  dose  to  the  reac  togenic  i  ty  and 
immunogenic ity  of  meningococcal  tetravalent  A,C,Y,  W135 
vaccine  was  studied  in  Army  recruits  at  Ft.  Dix,  NJ .  The 
commercial  vaccine  which  has  recently  been  licensed  and  is 
now  being  given  to  all  new  military  recruits  was  used  in 
this  study.  A  total  of  121  volunteers  received  the 
standard  200  ug  dose  and  319  received  a  reduced  dose  of  60 
ug  of  the  vaccine.  An  additional  1  1 8  nonvolunteers  who 
received  the  standard  200  ug  dose  were  monitored  for  side 
effects.  The  vaccines  were  well  tolerated;  no  major 
systemic  reactions  occurred.  The  larger  dose  produced  a 
slightly  larger  area  of  erythema  and  slightly  more 
soreness  at  the  vaccination  site  than  the  smaller  dose, 
but  other  parameters  such  as  frequency  of  sore  arms, 
induration  and  systemic  complaints  were  the  same  for  both 
doses.  The  results  suggest  little  clinical  difference 
between  the  vaccine  doses  in  terms  of  side  effects.  Those 
volunteers  who  received  the  200  ug  dose  appeared  to 
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respond  with  higher  binding  antibody  to  A  and  C 
polysaccharides,  but  both  groups  responded  equally  well 
with  respect  to  bactericidal  antibody. 

A  candidate  meningococcal  group  3  vaccine  consisting 
of  capsular  polysaccharide  noncovalently  complexed  to  the 
serotype  proteins  of  the  outer  membrane  has  shown  promise 
of  being  an  effective  vaccine  in  previous  safety  and 
immu nogen ic  i  tv  studies  in  human  beings.  Available 
evidence  indicates,  however,  that  this  vaccine  may  provide 
only  type  specific  protection.  This  requires  that  a  group 
B  vaccine  of  this  type  contains  serotype  proteins  that  are 
representative  of  the  strains  causing  disease  in  the 
target  population.  A  survey  of  serotypes  of  group  B  case 
strains  (90)  and  carrier  strains  (350)  recently  isolated 
from  U.S.  Army  personnel  and  from  Norway  and  South  Africa 
was  conducted  by  a  newly  developed  method  using  monoclonal 
antibodies  as  serotyping  reagents.  The  results  indie  ited 
that  serotype  2b  and  15  are  presently  the  most  common. 
Since  our  previous’  group  B  vaccines  were  prepared  from  a 
serotype  ?a  strain,  new  vaccines  (9  lots  with  different 
compositions  and  characteristics)  were  prepared  for  human 
use  by  complexing  serotype  2b  and  15  proteins  with  either 
group  B  polysaccharide  or  the  licensed  tetravalent 
A,C,Y,W135  vaccine.  The  latter  combination  will  be  tested 
as  a  pentavalent  A,8,C,Y,Wl35  vaccine.  These  new 
vaccines  were  prepared  using  newly  developed  procedures 
which  reduced  substantially  the  level  of  contaminating 
1  i  pop o 1 y sa c c h a r  i  d e  .  They  were  all  characterized  with 
respect  to  composition  and  physical  properties  and  tested 
for  safety  and  immunogenicity  in  animals.  They  are  now 
ready  for  safety  and  immunogenicity  testing  in  human 
beings. 

Future  Plans 


Development  of  the  tetravalent  A,C,Y,  W 1 3 5  vaccine  is 
essentially  complete  except  for  proof  of  efficacy  of  the  Y 
and  W125  components.  Since  the  disease  rate  for  Y  and 
W 1  3  5  is  too  low  for  a  controlled  efficacv  trial  to  be 
practical  and  there  is  every  indication  the  vaccine  will 
be  effective  against  all  four  sero  groups  evidence  of 
efficacy  will  be  obtained  by  monitoring  the  incidence  of 
vaccine  failures  among  recruits  who  are  receiving  the 
vaccine  on  a  routine  basis.  The  per.  tav  lent  vaccine 
crntainir.g  four  capsular  polysaccharides  (A,C,Y,W135) 
complexed  to  serotype  2b  and  15  outer  membrane  proteins 
will  be  evaluated  for  safety  and  immunogenicity  in 
volunteers.  Several  additional  lots  of  this  tvpe  will  be 
manufactured  with  modifications  as  necessary  to  achieve 
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optimal  immune  response  and  minimal  reactogenicity .  A 
large  lot  of  vaccine  will  then  be  produced  by  a  drug 
company  on  contract.  This  lot  will  be  used  in  an  attempt 
to  obtain  efficacy  data  for  group  B  disease.  The  serotype 
of  meningococcal  strains  causing  group  B  disease  will  be 
monitored  on  a  continuing  basis  to  determine  if  additional 
or  different  proteins  should  be  included  in  the  vaccine 
formulation . 
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23.  (II)  To  assess  the  suitability  of  certain  military  population  groups  such  as 
Special  Forces,  Rangers,  or  .Jungle  Operations  Training  Center  trainees  as  study  groups 
for  vaccine  and  drug  prophylaxis  trials.  To  conduct  field  trials  of  prophylactic 
agents.  To  evaluate  compliance  of  military  populations  with  prophylactic  regimens. 

2  •'< .  (V)  Contemporary  epidemiologic  methods  are  applied  to  accomplish  the  above 
objectives.  Multi-disciplinary  collaborative  approaches  are  emphasized  in  the  conduct 
of  p 1 acehn-cont re  1  led  double-blind  studies  of  safety,  immunogenieity,  and  efficacy  of 
vaccines  and  prophylactic  drugs.  Studies  are  normally  done  using  sold ie r-volunt eer s . 

I3(U)  8c?  10  this  fall  a  new  poliev  was  established  bv  the  Armv  Surgeon  General  for  weekly 
„F:i»U  i.  ’n  to  trainees  at  the  Jungle  iterations  Training  Center,  Ft.  Sherman, 
!'anarr..i  of  Jox"cycline  to  prevent  leptospirosis.  We  have  undertaken  a  prospective 
%  l  •  i  * i v  to  assess  aspects  of  compliance  and  the  incidence  of  side  effects  in  the 
ope ro t i on. i I  setting.  Pro-Jepioyment  sera  has  been  obtained  from  two  U.S.  Marine 
battalion;..  The  post-deployment  evaluations  to  gather  the  required  data  and  to 
lonfirn  : he  efiicacy  of  doxvtycline  prophylaxis  are  pending. 

In  i  ul  labor.it  ion  with  tin?  Department  of  Bacterial  Diseases,  basic  trainees  at 
Ft.  ISennn. W’-re,  through  analysis  of  acquired  data  bases,  determined  to  be  a  suitable 
population  for  field  testing  of  a  peniava lent  men i ngc.cocca I  vaccine  incorporating 
.•roup  i-,t.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 

Annual  Report,  1  Oct  92  -  30  Sep  83- 
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Project  3M463750D808  Development  of  Drugs  and  Vaccines 

Against  Militarily  Important 
Diseases 


Wcrk  Unit  OO7  Field  Evaluation  of  Prophylactic  Drugs 
and  Vaccines  Against  Diseases  of  Military  Importance 

Investigators . 

Principali 

COL  Richard  N.  Miller,  MC 
Associate:  LTC  Ernest  T.  Takafuji,  MC 

CPT  Patrick  W.  Kelley,  MC 

Objective:  To  assess  the  suitability  of  certain 

military  population  groups  such  as  Special 
Forcei,  Rangers,  or  Jungle  Operations 
Training  Center  trainees  as  study  groups 
for  vaccine  and  drug  prophylaxis  trials. 

To  conduct  field  trials  of  prophylactic 
agents.  To  evaluate  compliance  of  military 
populations  with  prophylactic  regimens. 

Progress: 

1.  Doxycycline  Prophylaxis  of  Leptospirosis:  A  new 
policy  has  been  established  by  the  Army  Surgeon  General 
for  weekly  administration  of  doxycycline  prophylaxis 
against  leptospirosis  during  the  fall  high  risk  season 
to  trainees  at  the  Jungle  Operations  Training  Center, 
Ft.  Sherman,  Panama.  We  have  undertaken  a  prospective 
study  to  assess  aspects  of  compliance  and  the  incidence 
of  side  effects  in  the  operational  setting.  Pre¬ 
deployment  sera  has  been  obtained  from  two  U.S.  Marine 
battalions.  The  post-deployment  evaluations  are 
pending. 

2.  Meningococcal  Meningitis  Group  B  Vaccine:  In 
collaboration  with  the  Department  of  Bacterial 
Diseases,  a  suitable  population  was  identified  for 
field  testing  of  a  pentavalent  meningococcal  meningitis 
vaccine  incorporating  group  B  antigen. 
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23.  (U)  Hepatitis  A  virus  has  caused  epidemic  hepatitis  in  Aaericsn  soldiers  In  every 
war  and  Is  the  most  prevalent  fora  of  viral  hepatitis  that  will  disrupt  noraal  ! 
functioning  of  a  whole  allitary  unit.  Presently,  the  only  immunoprophylaxis  available 
is  temporary  passive  immuniration  with  immune  serum  globulin.  This  work  unit  Is  con¬ 
cerned  with  the  development  of  a  foraalin-inactivated  vaccine  for  hepetitia  A  virus 
which  will  confer  protective,  active  immunity  to  infection.  The  first  lot  of  vaccine 
will  be  produced  on  a  pilot  scale  so  that  it  may  be  used  for  clinical  safety  and 
efficacy  trials  in  human  subjects. 

24.  (U)  A  strain  of  human  hepatitis  A  virus  designated  KM-175  previously  passaged  in 
BSC-1  or  KRC-5  cells  will  be  passaged  one  more  time  in  these  cells  so  that  two  master 
seeds  can  be  prepared.  The  master  seed  with  the  highest  infectivity  titer  and  which 
has  -passed  all  safety  tests  will  be  used  to  make  a  production  seed  and  a  loc  of 
vaccine  (approximately  15  liters).  The  viral  harvest  for  the  vaccine  will  consist  of 
a  series  of  supernatant  fluid  collections  with  each  being  inactivated  with  1:4000 
formalin  over  a  period  of  96  hr*.  The  first  lot  of  vaccine  will  undergo  aafety  testing 
including  primate  inoculation  prior  to  human  trials. 
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23.  (U)  Infectious  diarrheal  diseases  continue  to  be  a  threat  to  military  operations. 
Effective  vaccines  are  a  means  to  control  some  of  these  infections.  Experimental 
products  require  safety  testing  in  volunteers  and  field  tests  for  efficacy.  Current 
emphasis  is  on  a  preparation  designed  to  protect  against  both  typhoid  fever  and 
dysentery  caused  by  Shigella  sonnei. 

24.  (U)  Experimental  oral  vaccines  consisting  of  living  attenuated  bacteria  are 
prepared  in  pilot  lots  by  the  Department  of  Biologies  Research  Department,  WRAIR. 

These  are  tested  for  safety  and  antigenicity  in  the  laboratory.  Following  review  by 
the  Surgeon  General's  Office  and  the  Bureau  of  Biologies,  FDA,  these  products  are 
tested  in  volunteers  for  safety  and  antigenicity.  Upon  successful  completion  of  these 
studies  commerically  prepared  lots  are  tested  for  efficacy  in  suitable  populations. 

25.  (U)  82  10  -  83  09  Safety  tests  of  the  Salmonella  typhi  Shigella  sonnei  vaccine 
strain  have  been  complete.  An  initial  efficacy  trial  involving  18  volunteers  gave 
evidence  of  protection.  An  E.  coli  K— 1 2  strain  carrying  S.  flexneri  chromosomal  and 
plasmid  genes  and  expressing  tne  antigens  of  S.  flexneri  2a  protected  monkeys  against 
rhallenge  with  virulent  S.  flexneri  2a.  (For  technical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83). 
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Project  3M46375CD808  DRUG  AND  VACCINE  DEVELOPMENT. 

Work  Unit  009  :  Shigella  Vaccines 

Investigators: 

Principal:  Samuel  B.  Formal,  Ph.D. 

Associates:  Edmund  C.  Tramont,  M.D. 


Problem 

Shigellosis  continues  to  be  a  military  problem. 
Parenterally  administered  vaccines  are  not  effective. 
Evidence  has  accumulated  which  indicate  that  oral 
immunization  can  be  effective.  The  purpose  of  this  work 
unit  is  to  develop  living  attenuated  oral  shigella 
vacc ines . 

P  rogress 

A  total  of  19  volunteers  have  ingested  the  S_.  typhi- 
S_.  sonnei  vaccine  strain  in  doses  ranging  from  1  x  1 0  1 0 
cells.  One  person  fed  the  highest  dose  experienced 
transient  mild  abdominal  symptoms.  An  initial  efficacy 
trial,  carried  out  at  the  University  of  Maryland, 
involving  18  volunteers  has  been  carried  out.  Following 
challenge  with  virulent  _S_.  sonne  1  6  of  8  (75t)  control 
individuals  became  ill  while  2  of  10  (20%)  vaccinees 
developed  signs  of  illness. 

A  second  candidate  vaccine  has  been  prepared  using  _E. 
col i  strain  K  —  1 2  which  has  inherited  chromosomal  and 
plasmid  genes  from  S_.  f  lexner i  ■  A  strain  expressing  the 
antigens  of  _S_.  flexneri  2a  significantly  protected  monkeys 
against  challenge. 
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23.  (U)  African  sleeping  sickness,  a  potential  threat  to  military  operations  in 
Africa,  has  reached  epidemic  proportions  in  some  areas.  Currently  no  prophylaxix  ; s 
available  and  the  chemotherapeutic  agents  are  toxic.  The  objective  of  the  current 
work  is  to  identify  protective  antigens  of  Trypanosoma  rhodesiense.  This  work  will 
be  the  basis  for  vaccine  development. 

24.  (U)  These  studies  employ  an  animal  model  to  investigate  immunity  to  both  the 
infective  insect  form  and  blood  form  of  the  parasite.  To  identify  the  antigen  types 
involved  in  immunity,  monoclonal  antibodies  are  prepared  as  markers  for  specific 
antigens.  These  reagents  are  used  for  the  antigen  type  analysis  of  parasites  from 
the  field  and  will  also  provide  the  means  to  isolate  specific  antigens. 

25.  (U)  82  10-83  09  Monoclonal  antibodies  were  generated  which  identified  and 

neutralized  13  distinct  metacyclic  (insect)  forms  of  T.  rhodesiense.  Genes  coding 
for  2  of  these  antigens  have  been  cloned  and  sequenced.  Mice  have  been  immunized 
with  peptides  corresponding  to  conserved  regions  of  amino  acid  sequences  coded  for 
by  these  cloned  genes.  Resistance  to  trypanosome  infection  in  these  mice  is  now 
being  assessed.  Monoclonal  antibodies  have  been  used  to  identify  previously 
■  unidentified  surface  antigens  of  trypanosomes  which  might  be  the  basis  for  a 
vaccine.  This  research  will  be  continued  as  part  of  the  Institute's  Integrated 
research  program,  for  technical  report  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Oct  82  -  30  Sep  83, 
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Work  Unit  041  Identification  of  Trypanosoma  rhodesiense 
Protective  Antigens 


Investigators : 

Principals:  Dr.  Klaus  M.  Esser 

LTC  Wayne  T.  Hockmeyer,  MSC 


Associates: 


Dr.  Bruce  T.  Hall 
CPT  Donald  E.  Burgess,  MSC 
Mr.  Maurice  J.  Schoenbechler 
Mr.  Wi lliam  L.  Bowie 
SP5  Margaret  Meadows 


Problem  and  Objective: 


African  trypanosomiasis  poses  significant  health  hazards  to 
troops  operating  in  endemic  areas.  This  is  a  progressive, 
generally  fatal  disease  transmitted  by  the  bite  of  infected  tsetse 
flies.  The  fly  vector  and  the  causative  protozoan  parasite  are 
prevalent  throughout  30X  of  Africa.  The  current  level  of  reported 
human  disease  is  not  high  due  primarily  to  restricted  land  use 
patterns  and  vector  control  measures  in  highly  populated  areas. 
However,  the  potential  of  this  disease  is  evident  from  previous 
epidemics  in  which  20  -  30*  of  the  population  in  some  areas  died. 
Although  data  on  the  risk  of  infection  for  military  troops 
deployed  in  endemic  areas  is  not  available,  a  high  incidence  of 
infection  would  be  expected.  Currently  no  prophylaxis  is 
available  and  therapeutic  drugs  are  toxic.  Vaccination  against 
African  trypanosomiasis  is  theoretically  possible.  Protection 
against  infection  with  a  single  trypanosome  antigen  type  can 
easily  be  achieved  by  immunization  with  attenuated  parasites  or 
purified  antigens.  However,  multiple  antigen  types  of  the 
parasite  are  present  in  the  fly  vector  and  a  large  number  arise  by 
antigenic  variation  in  the  host.  The  objective  of  this  work  unit 
is  the  identification  and  isolation  of  the  antigens  which  can 
elicit  a  protective  immune  response  against  the  infective  insect 
form  of  the  parasite. 
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Progress : 


Monoclonal  artibodies  (MAbs)  which  identify  and  neutralize 
infectivity  of  fou-teen  metacyclic  (infective  insect  form)  antigen 
types  have  been  generated.  In  sum,  these  MAbs  provide  partial 
immunity  against  metacyclic  infection  in  experimental  systems  and 
therefore  are  considered  to  be  specific  for  antigens  important  in 
vaccine  development.  These  MAbs  have  been  used  in  efforts  to 
clone  the  genes  wh  i  :h  code  for  metacyclic  antigens  in  collabora¬ 
tion  with  Or.  John  Ponelson  at  the  University  of  Iowa.  Currently, 
six  cloned  genes  have  been  identified  which  are  likely  candidates 
for  metacyclic  surface  antigen  coding  sequences.  These  genes  have 
been  inserted  into  an  E_.  col i  system  which  allows  expression  of 
the  protein  for  which  each  gene  codes.  These  trypanosome  proteins 
produced  in  E_.  col  i  have  recently  been  used  to  immunize  mice.  If 
immunization  studies  confirm  the  identity  of  these  gene  products, 
then  these  cloned  genes  will  provide  a  means  to  synthesize 
antigens  for  vaccine  development. 

Studies  have  been  done  to  determine  if  metacyclic  trypanosome 
in  a  given  endemic  area  are  antigenically  stable  over  time. 
Trypanosomes  isolated  from  naturally  infected  humans  in  the  Lambwe 
Valley,  Kenya  over  the  period  1974  -  1981  were  used  to  infect 
laboratory  reared  tsetse  flies.  MAb  analysis  of  metacyclics  from 
these  flies  has  demonstrated  expression  of  the  same  metacyclic 
antigen  types  over  this  eight  year  period.  The  lack  of  any 
observed  "antigenic  drift"  with  time  suggests  that  polyvalent 
vaccine  development  may  be  possible. 

An  alternative  to  polyvalent  vaccination  directed  against 
different  metacyclic  antigen  types,  is  development  of  a  vaccine 
targeted  to  antigenic  determinants  shared  among  different 
trypanosome  antigen  types.  Two  approaches  to  this  possiblility 
have  been  pursued.  First,  seven  synthetic  peptides  corresponding 
to  regions  of  highly  conserved  amino  acid  sequences  of  the  major 
trypanosome  variable  surface  proteins  have  been  produced  and  used 
to  immunize  mice.  Anti -trypanosome  activity  of  antibody  produced 
in  these  mice  is  now  being  assessed.  Alternatively,  identifi¬ 
cation  of  surface  protein  molecules  which  are  shared  among 
different  trypanosome  antigen  types  is  being  attempted.  MAbs  have 
been  produced  which  appear  to  bind  to  the  surface  of  live 
trypanosomes  of  several  different  VATs.  If  these  MAbs  can  protect 
against  trypanosome  infection  or  if  immunization  with  the  target 
antigen  is  protective,  the  vaccine  development  will  proceed  along 
these  lines. 
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Recommendations: 


In  view  of  the  finding  that  metacyclic  heterogeneity  appears 
to  be  restricted  and  that  experimental  immunization  is  possible, 
further  work  is  indicated  fori  the  identification  of  antigens 
involved  In  eliciting  a  broad-spectrum  immunity.  Also,  continued 
analysis  of  metacyclics  from  a  range  of  different  trypanosome 
isolates  is  necessary  to  determine  the  degree  of  metacyclic 
hetergeneity  in  a  particular  endemic  area.  Direct  analysis  of 
metacyclics  present  in  tsetse  flies  in  endemic  areas  will  allow 
confirmation  of  key  laboratory \  findings.  Monoclonal  antibodies 
will  continue  to  be  the  major  tool  for  these  studies.  Refinement 
of  serodiagnostic  techniques  ;  is  also  needed  to  provide  a 
clinically  useful  level  of  sensitivity  and  specificity.  Synthetic 
peptide  immunization  studies  should  be  continued  on  an  expanded 
scale.  This  work  will  be  relevant  for  trypanosomiasis  vaccine 


development  and  also  for  establishing  critical 
production  of  synthetic  vaccines  is  general. 


groundwork  for 


Presentations : 

1.  A  comparison  of  the  epitope  specificity  and  biological 
activities  of  protective  and  non-protect ive  monoclonal  antibodies 
specific  for  the  WRATat  1  clone  of  Trypanosome  > bodes iense.  T. 
Hall  and  K,  Esser.  American  Society  of  Tropical  Medicine  and 
Hygiene,  31st  Annual  Meeting,  November  1982. 


2.  Comparison  of  the  reactivities  of  variable  antigen  type 
(VAT)  specific  rabbit  antisera:  and  monoclonal  antibodies  (MAbs) 
with  Trypanosoma  brucei  rhodesiense.  D.  Burgess,  B.  Welde,  G. 
Campbell  and  K .  Esser.  American  Society  of  Tropical  Medicine  and 
Hygiene,  31st  Annual  Meeting,  November  1982. 


3.  African  trypanosomiasis:  protective  immunity  and  target 
antigens.  K.  Esser.  American  Society  for  Microbiology:  Impact  of 
Monoclonal  Antibodies  on  the  Diagnosis  and  Prevention  of  Parasitic 
Disease,  March,  1983.  I 


4.  Systematic  identification  of  Trypanosoma  brucei 
rhodesiense  metacyclic  variable:  antigen  types  (M-VATs)  important 
for  protective  immunity  against  tsetse  fly  challenge.  M. 
Schoenbech ler ,  J.  Gingrich  and  K.  Esser.  Federation  of  American 
Societies  of  Experimental  6iology,  April,  1980. 


5.  Topological  mapping  of  protective  and  non-protect ive 
epitopes  on  the  variant-specific  surface  glycoprotein  of  the 
WRATat  1  clone  of  Trypanosoma  rhodesiense.  T.  Hall  and  K. 
Esser.  Federation  of  American  Societies  for  Experimental  Biology, 
April,  1983. 

.  6.  Variable  antigen  type  (VAT)  composition  of  Trypanosoma 
brucei  rhodes iense :  discrepancy  between  results  using  VAT- 
specific  monoclonal  antibodies  and  rabbit  antisera.  0.  Burgess. 
Gordon  Research  Conferences:  Immunological  and  Molecular  Aspects 
of  Parasitism,  August,  1983. 

7.  Restricted  metacyclic  heterogeneity  in  Trypanosoma  brucei 
rhodesiense.  K.  Esser.  Gordon  Research  Conference:  Immunolo¬ 
gical  and  Molecular  Aspects  of  Parasitism,  August,  1983. 

8.  Epitope  mapping  of  the  variant-specific  surface  glyco¬ 
protein  of  the  WRATat  1  clone  of  Trypanosoma  rhodesiense .  T. 
Hall.  Gordon  Research  Conferences:  Immunological  and  Molecular 
Aspects  of  Parasitism,  August,  1983. 


Pub! ications : 

1.  Trypanosoma  rhodesiense  blood  forms  express  all  antigen 
specificities  relevant  to  protection  against  metacyclic  (insect 
form)  challenge.  K.  Esser,  M.  Schoenbech ler  and  J.  Gingrich.  J. 
Immunol .  129:1715-1718.  (1982). 


2.  African  sleeping  sickness:  new  evidence  that  mature 
tsetse  flies  (Glossina  mors i tans)  can  become  potent  vectors. 
Trans.  R.  Soc .  Trop.  Med.  Hyg.  76:479-481.  (1982). 

3.  Topological  mapping  of  protective  and  non-protecti ve 
epitopes  on  the  variant-specific  surface  glycoprotein  of  the 
WRATat  1  clone  of  Trypanosoma  brucei  rhodesiense.  T.  Hall  and  K. 
Esser  (Submitted  for  Publ i cat  ion ) . 
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23.  (U)  To  identify,  define,  and  study  known  and  potential  causes  of  disability  in 

military  populations  using  relevant,  existing  epidemiologic  techniques  and  developing, 
appropriate  new  methodology.  To  apply  this  information  to  the  assessment,  prevention, 
and  centio]  of  diseases  in  military  populations. 

7  . .  O')  Contemporary  epidemiologic  methods  are  applied  to  causes  of  disability  in 

military  populations.  Multidisciplinary  collaborative  approaches  are  utilized  and  new 
■.  i  :  hods  developed  as  required. 

7  i.  O')  nj I U- 8 309.  Analyses  ot  the  fol lowing  studies  are  in  progress:  assessment  of 
1  :io  in.  idetue  of  tropical  diseases  in  .soldiers  tiaining  at  the  Jungle  Operations 
;r. lining  Center,  Ft.  Sherman,  Panama;  prophylaxis  of  leptospirosis  with  doxycyclino; 
i  :  'logic  lor  eosinophil  ia  in  individuals  exposed  to  tin-  l’aiiaman  ian  jungle; 

, '  i Jem i o 1  eg  Ic  and  clinical  charac ter  1 st ics  of  two  militate  hepatitis  A  outbreaks; 

>  pat  ills  !<  transmission  among  inmates  at  the  >.s  Disciplinary  liar  racks ;  hepatitis  li 
i  ,  sk  ■  •  i  t i  1 1  n  military  occupations;  prevalence  of  pen  i  c  i  1  I  i  nnse-produc i ng  Neisseria 
■  ai.irrhe  1  in  US  Army  populations;  disease  sure.  i  1  1  ance  ,  1  Special  .Forces  ana  special 
operations  persopuicl  deployed  oversea.;  a  tuberculosis  outbreak  at  a  military  hospital 
:  iboratoiv ;  disease  surveillance  during  the  hr  iglil  star  '8  1  military  exercise;  the 
i  antes  <•!  shigella  t  t'unsmiss  i  on  during  a  deployment  asso,  i.itod  outbreak;  the 
epidemiology  of  Neisseria  mengitidis  group  I’,  in  basic  trainees  at  Ft.  Kenning.  For 
lot'linic.il  leport  see  Walter  Feed  Armv  Institute  of  Research  Annual  I'rogress  Report, 

I  i  K  t  87  -  Jt)  Sep  o  3 . 
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Objective:  To  assess  the  actual  or  potential  impact  of 

selected  diseases  of  military  importance. 
Military  importance  is  determined  by 
examining  existing  or  historical  morbidity 
and  mortality  data  or  analysis  of  potential 
threats.  The  studies  are  primarily 
epidemiologic  in  nature  and  represent 
cooperative  efforts  with  other  divisions  of 
WRAIR  and  USAMRDC. 


Progress : 


1.  Disease  Surveillance  Following  Jungle  Training: 
Medical  surveillance  was  conducted  throughout  the  year 
on  over  4000  soldiers  and  marines  training  at  the 
Jungle  Operations  Training  Center  (JOTC)  at  Fort 
Sherman,  Panama.  This  effort  involving  serological 
screening  and  questionnaire  evaluations  identified 
continuing  problems  with  leptospirosis,  leishmaniasis, 
Venezuelan  Equine  Encephalomyelitis,  and  intestinal 
parasites.  This  surveillance  effort  ha3  resulted  in  a 
better  understanding  of  infectious  diseases  associated 
with  jungle  exposure. 


2.  Doxycycline  Prophylaxis  Study:  In  response  to  the 
leptospirosis  problem  fir.vt  identified  among  jungle 
trainees  in  the  fall  of  1 9 ti  1 »  the  Division  of 
Preventive  Medicine  conducted  a  double-blind, 
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randomized,  placebo-controlled  field  trial  to  determine 
if  doxycycline  was  an  effective  chemoprophylactic  agent 
against  this  infection.  Doxycycline  (200mg)  or  placebo 
was  administered  orally  on  a  weekly  basis  and  at  the 
completion  of  training  to  940  volunteers  from  two 
battalions  deployed  to  Panama  for  approximately  three 
weeks  of  jungle  training.  Twenty  cases  of 
leptospirosis  occurred  in  the  placebo  group  (attack 
rate  of  4.2?)  compared  to  only  one  case  in  the 
doxycycline  group  (attack  rate  of  0.2%.  p<0.001), 
yielding  an  efficacy  of  95  percent.  This  study 
demonstrated  for  the  first  time  the  value  of 
doxycycline  as  a  prophylactic  agent  against 
leptospirosis.  These  findings  were  presented  to  the 
Armed  Forces  Epidemiology  Board,  after  which  the 
Surgeon  General  promulgated  a  policy  of  weekly 
doxycycline  prophylaxis  for  JOTC  trainees  during  the 
high  risk  fall  season.  This  policy  was  instituted  in 
September  1 9  S  3  - 

3.  Evaluation  of  Eosinophilia  Associated  with  Jungle 
Training:  Eosinophilia  and  gastrointestinal  complaints 

of  abdominal  pain  and  diarrhea  have  been  recognized  in 
soldiers  training  in  Panama.  Helminthic  infections 
have  been  documented  in  some  of  these  soldiers,  but  the 
souroe(s)  of  infection  has  been  unclear.  In  September 
1983,  a  team  from  tno  Division  of  Preventive  Medicine 
was  deployed  to  the  JOTC  to  determine  the  extent  of  the 
problem  and  to  identify  possible  environmental  sources 
of  infection.  Laboratory  records  and  personal  medical 
records  for  JOTC  cadre  and  their  dependents  were 
reviewed.  Military  and  civilian  personnel  stationed  at 
Ft.  Sherman  were  screened  for  evidence  of  intestinal 
parasitic  infections  and  eosinophilia,  and  Panamanian 
families  living  in  heavily  used  training  areas  were 
screened.  Animals  were  collected  from  different  areas 
on  the  Ft.  Sherman  Military  Reservation  and  evaluated. 

The  screening  of  laboratory  and  medical  records 
identified  some  cases  of  eosinophilia.  Five  of  14 
cadre  instructors  with  frequent  jungle  exposure  had 
eosinophilia  greater  than  10?;  stool  evaluations  are 
pending.  Over  90?  of  the  Panamanians  living  in  the 
training  areas  were  found  to  be  heavily  infected  with 
hookworm,  Strongyloldes  stercoral  is  ,  and/or  Tr i chur is 
trlchlura.  At  least  four  cases  of  cutaneous 
leishmaniasis  were  also  Identified  among  these 
Panamanians.  Specimens  obtained  from  animals  are  still 
being  analyzed. 
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Hepatitis:  The  analysis  of  data  from  three 

hepatitis  outbreaks  that  occurred  during  FY  82 
continued.  Serological  analyses  of  blood  from  the 
April-May  1982  United  States  Disciplinary  Barracks 
outbreak  due  to  hepatitis  A  virus  (HAV)  also  identified 
23  inmates  acutely  infected  with  hepatitis  B  viru3 
(HBV).  Eighteen  percent  of  these  acutely  infected 
inmates  had  been  imprisoned  more  than  two  years.  These 
findings,  together  with  a  serological  pattern 
suggesting  resolving  infection  and  a  2.9?  prevalence  of 
surface  antigenemia  among  arriving  inmates,  are 
consistent  with  intra prison  transmission  of  HBV. 

A  one-year  follow-up  of  arriving  inmates  for  HBV 
seroconvers ion  is  underway  to  document  the  risk  of 
intraprison  transmission  and  the  need  for 
immunoprophylaxis  with  the  hepatitis  B  vaccine. 

Analyses  of  this  outbreak  and  the  July  1982  Grafenwoehr 
Germany  hepatitis  A  outbreak  showed  that  HAV  infection 
in  adults  may  be  more  symptomatic  than  previously 
believed.  Follow-up  evaluation  8  weeks  after  ISG 
revealed  that  post-exposure  prophylaxis  rapidly 
terminated  subsequent  spread  of  HAV. 

In  the  fall  of  1982  the  Epidemiology  Consultant  Service 
(EPICON)  investigated  an  outbreak  of  hepatitis  A  In  the 
205th  Infantry  Brigade  of  the  tJ.S.  Army  Reserve  Command 
following  the  unit's  training  at  Ft.  McCoy,  WI .  Attack 
rates  of  9.2?  and  3-0?  were  documented  In  the  two  most 
heavily  affected  batta'ions.  f j<-.d borne  transmission 
was  suspected  but  no  specific  food  item  could  be 
i ncr imi na ted .  Unsatisfactory  field  sanitation 
practices  and  problems  in  personal  hygiene  may  have 
also  contributed  to  the  epidemic. 

An  analysis  of  the  association  between  military 
occupation  and  hospitalization  in  1980  in  a  U.S.  Army 
hospital  for  hepatitis  E  was  undertaken.  Excess 
hospitalization  rates  were  found  for  enlisted  hospital 
employees  regularly  exposed  to  blood.  The  differences 
between  the  rates  for  high  risk  occupations,  combat 
arms,  and  combat  support  personnel  were  small  and 
statistically  non-s i gn i f i cant .  Medical  personnel  in 
Korea  exposed  to  blood  had  HBV  hospitalization  rates 
more  than  twice  that  observed  among  similarily  exposed 
medical  personnel  in  CONUS  (p<0.07).  Medical  personnel 
assigned  to  Korea  had  rates  which  were  50  percent 
higher  than  rates  among  medical  personnel  in  Europe. 

The  explanation  for  the  excess  in  HBV  risk  seen  among 
medical  personnel  in  Korea  is  currently  u  ider  study. 
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5.  Cardiovascular  Disease  Studies:  The  Division  of 
Preventive  Medicine  has  been  assisting  the  Munson  Army 
Community  Hospital,  Ft.  Leavenworth,  KS,  and  the  U.3. 
Army  Surgeon  General’s  Task  Force  on  Fitness  in  the 
design  and  analysis  of  studies  directed  at  assessing 
the  cardiovascular  disease  risk  among  students  at  the 
Command  and  General  Staff  College  (CGSC).  Secondary 
screening  for  occult  coronary  disease  and  cardiac 
dysrythmias  emergent  upon  graded  exercise  testing 
(treadmills)  was  performed  in  1982  and  1983*  During 
1982,  follow-up  of  asymptomatic  soldiers  under  age  mO 
with  abnormal  stress  ECG's  Identified  no  individuals 
with  occult  coronary  disease.  A  similar  evaluation 
will  be  performed  on  CGSC  students  with  high  and  low 
cardiovascular  risk  profiles  to  assess  the 
effectiveness  of  a  health  risk  appraisal  to  predict 
abnormalities  in  graded  exercise  tests.  An  evaluation 
of  the  cardiovascular  risk  factor  intervention  program 
for  CGSC  students  with  hypertension,  elevated  serum 
cholesterol,  and/or  cigarette  smoking  was  begun. 

6:  Evaluation  of  Military  Weight  Tables:  Revised 

weight  for  height  screening  tables  were  published  in  AR 
600-9,  effective  15  April  1983.  The  validity  of  these 
tables  to  Identify  obese  soldiers  evaluated  by 
extensive  anthropometric  assessment  (sum  of  four 
skinfolds  -  triceps,  biceps,  subscapular,  and 
suprailiac)  was  evaluated.  Results  of  selected 
"administrative  and  anthropometric  assessments" 
requested  by  commanders  for  soldiers  within  the 
screening  tables'  limits  were  also  assessed.  Forty 
thousand  recruits  undergoing  Basic  Combat  Training 
(BCT)  at  Army  installations  during  January-June  1983 
were  assessed  for  height  and  weight  compliance  with  the 
screening  tables  and  performance  (pass/fail)  in  BCT. 

No  consistent  performance  pattern  emerged  for 
meet ing/ fa i 1 ing  AR  600-9  obesity  standards. 

7.  Sexually  Transmitted  Diseases  in  the  Army:  The 
Division  of  Preventive  Medicine  continued  to  monitor 
the  incidence  of  gonorrhea  in  the  Army  and  specifically 
the  incidence  of  penlcl 11 1 na 3 e- producing  Neissserla 
gonorrhea  (PPNG).  The  prevalence  of  PPN'G  in  Korea  was 
followed  and  was  noted  to  decrease  following 
institution  of  spectinomycin  as  the  first  drug-of- 
c ho ice  in  the  trea nment  of  uncomplicated  gonorrhea.  A 
study  is  in  progress  at  Ft.  Bragg  to  define  the 
epidemiologic  characteristics  associated  with  STD 
infection  and  risk  factors. 
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8.  Disease  Surveillance  of  Special  Forces  Units  and 
Special  Operations:  Support  in  the  monitoring  of 
febrile  illnesses  of  Special  Forces  personnel  and  other 
military  personnel  deployed  to  overseas  areas  continued 
to  be  provided  by  the  Division  of  Preventive 
Medicine.  Support  was  provided  to  the  U.S.  Central 
Command,  Multinational  Peace  Keeping  Force  and 
Observers  (MFO),  and  military  operations  in  Central 
America.  No  unusual  etiologies  of  disease  were 
identified  in  FY  83. 

9.  Tuberculosis:  During  January  and  February  1983,  an 
EPICON  team  investigated  a  suspected  outbreak  of 
tuberculosis  in  the  microbiology  section  of  the 
Department  of  Pathology  at  the  Walter  Reed  Army  Medical 
Center.  In  the  fall  of  1982,  5  of  26  employees  from 
that  section  were  Identified  as  new  skin  test 
converters  including  an  employee  who  subsequently  was 
found  to  have  active  tuberculosis.  The  investigation 
suggested  possible  acquisition  of  infection  within  the 
laboratory  setting  and  a  possible  association  for  some 
cases  with  work  in  the  mycology/tuberculosis  section. 

No  ongoing  tuberculosis  transmission  was  identified  at 
the  time  of  the  investigation  and  no  subsequent  cases 
have  occurred. 

10.  Brightstar  '83  Disease  Surveillance:  During 
August  and  September  1 9 8 3 »  a  major  military  exercise 
involving  approximately  5500  U.S.  troops  was  conducted 
in  Egypt,  Sudan,  Somalia,  and  Oman.  The  Problem 
Definition  and  Assessment  Team  (PDA)  was  deployed  for 
the  first  time  with  Third  U.S.  Army  to  Cairo-West  to 
provide  on-site  assistance  in  the  Identification  of 
potential  disease  threats  in  the  area.  Disease 
surveillance  during  the  exercise  was  conducted  with  the 
assistance  of  a  portable  microcomputer  monitoring 
hospitalizations  and  outpatient  medical  visits.  Sick 
call  log  sheets  listing  diagnoses  and  diagnostic 
categories  were  utilized  by  treatment  facilities. 
Through  the  collection  and  analysis  of  sick 

ca 1 l/hospi ta 1 1 zat ion  data,  it  was  possible  to  calculate 
dally  attack  rates  for  disease  categories  and  monitor 
morbidity  during  the  exercise.  This  effort  is  part  of 
a  continuing  Interest  of  the  Division  of  Preventive 
Medicine  to  monitor  non-battle  illnesses  in  the  field. 

11.  Shigellosis  Outbreak  During  Brightstar  *83* 

During  Brightstar  *83,  the  82nd  Airborne  Division 
experienced  an  outbreak  of  shigellosis  involving 
approximately  95  Individuals  (attack  rate  of  20$). 
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Twenty-five  soldiers  were  hospitalized.  The 
responsible  organism  was  Shigella  dysenteriae,  subtype 
4.  The  epidemiologic  investigation  was  conducted  by 
the  PDA  team,  and  a  follow-up  evaluation  was  made  by 
the  Division  of  Preventive  Medicine  after  the  unit 
returned  to  Ft.  Bragg.  Numerous  deficiencies  in  the 
handling  of  potable  water  supplies  were  documented,  and 
a  waterborne  mode  of  transmission  was  suggested. 
Analysis  of  data  from  this  outbreak  is  in  progress. 

12.  Meningococcal  Disease:  In  late  July  1983,  two 
cases  of  meningococcal  meningitis  occurred  among  basic 
trainees  at  Ft.  Benning.  A  review  of  cases  and 
meningococcal  specimens  submitted  to  WRAIR  revealed 
that  Fort  Benning  accounted  for  an  unusually  large 
number  of  Isolates  of  Neisseria  meningitidis  over  the 
past  two  years  and  that  every  isolate  from  Benning  in 
the  last  18  months  was  of  an  identical  antigenic 
strain:  group  B,  subtype  2b.  In  contrast  to  Ft. 
Benning,  records  for  the  7  other  basic  training  centers 
showed  significantly  lower  rates  of  meningitis  and  a 
heterogeneous  mix  of  serogroups.  All  of  the  Ft. 

Benning  cases  In  the  last  18  months  were  members  of  one 
training  brigade  on  post.  The  outbreak  is  currently 
under  investigation. 
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23.  (U)  The  technical  objective  is  to  assess  the  risk  of  various  tropical  diseases  to 
military  troops  and  operations,  and  to  determine  the  potential  mortality  and  morbidity  of] 
military  personnel  undertaking  operations  in  the  tropics. 

24.  (U)  This  requires  defining  the  ecology,  epidemiology,  and  etiology  of  various  tropi¬ 

cal  diseases  through  the ^development  of  new  or  improved  technologies  related  to  field 
studies , in  vitro  cultivation,  microbiological  assays,  vector  colonization,  serological 
procedures,  and  other  neoessarv  approaches.  i 
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infection  with  hantuan  virus  and  tt 
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rodents  and  humans  was  done  looking  for  evidence  of 
.s  will  be  expanded  to  look  for  risk  factors  and  di- 
studies  were  done  in  Kampangphet  to  isdlate  the 


■id  acquire  strains  from  humans,  swine,  and  mosquitoes.  Sentinal  pigs  were  placed 
communities  to  determine  the  rate  of  :.er ©conversions  as  well  as  to  obtain  iso-- 
rom  various  pa-ts  of  the  country,  studies  on  malaria  susceptibility  of  colony 
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PROJECT:  3M162  770A870  RISK  ASSES SMEiJT  OF  MILITARY  DISEASE 


Work  Unit:  073:  Threat  Assessment  of  Diseases  of  Military 
Importance  in  the  Tropics 

Investigators:  COL  Michael  W.  Benenson  ,  MC ;  LTC 

Donald  S.  Burke,  MC;  LTC  Charles  H. 
Hoke,  MC;  LTC  Ceorge  S.  Ward,  VC; 

LTC  Peter  E.  Echeverria,  MC ;  MAJ 
Michael  R.  El well,  VC;  MAJ  Richard  G. 
Andre,  USC;  MAJ  David  N.  Taylor,  MC; 

CPT  Ronald  M.  Rosenberg,  MSC;  Ananda 
Nisalak,  M.D.;  Rapin  Snitbhan,  M.D.; 
Chiraphun  [Xiangmani  ,  M.D.;  Markpol 
Ti ngpa la  pong  ,  DVM 


1.  iten,;ne  ns  an  Ft  1  ol  oi;y  of  Und  i  f  f  e  rent  la  rod  Fevers 
.if  Bangkok  (II li  Id  ron's  Hospital,  1  98  i 

rkoriUM:  To  defemine  the  relative  imporrance  of  dengue 

virus  as  rln-  etiology  of  und  i  f  f  e  re  nf  ia  rod  fevers  in  children 
in  Ha nek  ok. 

‘!!\T!inP:  The  outpatient  clinic  of  rhe  Children's  Hospital, 

n.iagkok  is  visited  each  day.  Flood  specimens  and  clinical 
i  n!  nr  i.il  inn  are  collected  fun  a  s.sn  p  1  r  of  children  with 
levers.  iron  |'i  to  is  days  later,  foil  out-up  specimens  are 
collected.  Acc'e  specinens  are  cultured  for  dengue  virus, 
’hot  -a  rolncv  (or  uengue  is  done  on  each  serum. 

i’k1'  C  ■  .  S  :  'Hi  is  study  has  been  in  progress  since  1979  , 

e- .  1  in.  in.;  i9i'2  (Table  1).  Turin,;  that  time,  a  total  of  321 
cases  were  evaluated.  1'jX  of  the  fully  evaluated  cases  had 
evidence  of  flavivirus  as  the  etiology  of  rover. 


Table  1. 

itengue 

isolations  and  so  ro  1  ogy  Iran 

Ol  SOS 

of 

und it  f  e  ren  r j a  t  ed 

lever  at 

Bangkok  Children's 

Hospital  , 

1  9  79-  1  9c 

hi. 

V  7  AK 

'TASKS 

SEROTYPE 

SKKOCONVKRS  IONS 

NOT 

V 

iJKVJL’K 

r. 

.VAii.’ATK!) 

!  7  3 

4  PRIMARY  SECONDARY 

FLA  VI 

ISOLATES 

1  9/9 

I  f.t. 

1  U 

1  Id 

133 

or 

!  .e.. 

J  J  * 

1  U  )  5 n 

1  99 

3h  :• 

1  1 

i  | 

r)  '* 

2ti 

2f,r  ■ 

:  ■ 1 :  ho 

t  lone 

1 II ( 

",  n  g 

of  c<n  ;>if  1 

r  /.  [  1 

4  4 

2ov 

I  i  r  a  ;  : 

92  3 

4  J  1 i  13 

3  32  7  7 

)  C.  v 

4.  J', 

five  ra  1  1  , 

i.le  ng  tie 

1  has  hi  en 

the  predominant  isolate, 

i  n 

e  on  r  ra  s  r 

to  the  ; 

predml  nance  of  dengue  2  in  9IIF  pat 

i  en  r s  . 

Mas  t  ol  ti.e  isolates  occurred  in  10<?(‘,  a  year  in  wh  ic!i  a 
record  ninaer  of  DHF  cases  and  isolates  occurred.  In  that 
year,  '■»>."  of  children  cultured  yielded  a  dengue  isolire, 
attest  in:;  to  the  tact  that  nucli  of  the  increased  load  of 
febrile  children  was  due  r  o  the  dengue  epidemic. 

'TONCi.i'S  MiN ; 


I.  237  of  und  i  f  t  e  rent  iat  ed  fevers  in  children  are 
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attributable  to  flavivirus  infections,  presumably  dengue. 

2.  Dengue  1  and  2  are  the  most  frequent  isolates, 
accounting  for  9471  of  isolates. 

3.  In  contrast,  dengue  2  is  a  relatively  more  common 
isolate  f ran  DHF  cases  seen  at  the  same  hospital. 

FUTURE  OBJECTIVES:  Thi*:  study  represents  a  long  term 
surveillance  of  dengue  isolates  in  patients  with  a  clinical 
syndrome  likely  to  be  seen  in  US  troops  affected  by  epidemic 
dengue.  Moreover  it  allows  longitudinal  determination  of 
serotypes  of  dengue  virus  causing  dengue  fever.  Comparison 
of  these  data  with  those  iron  the  DHK  study  will  allow 
defemiiiaf  ion  of  the  relative  importance  of  dengue  serotypes 
in  the  two  syndromes.  The  longitudinal  study  should  be 
continued  and  expanded  to  include  more  epidemiological 
evaluation. 


2 •  An  Epldam ic  of  Dengue  Feve  r  Due  to  Dengue 
in  a  Rural  Thai  Village 

PROBLEM :  To  determine  the  etiology  and  characteristics  of 

an  outbreak  o(  an  illness  characterized  by  fever  and  rash  in 
rural  northern  Thailand. 

BACKGROUND:  On  20  July,  1983  rhe  AFRIMS  Department  of 

Virology  was  requested  to  assist  in  rhe  laboratory  aspects  of 
an  invest igat ion  of  an  outbreak  ot  an  epidemic  of  fever  and 
rash  ir  .'hayuo,  a  province  in  rhe  extreme  north  of  Thailand. 

PROGRESS:  In  the  village  w+iere  the  outbreak  occurred,  25% 

of  the  total  of  523  persons  reported  an  illness  that  met  rhe 
case  definition  of  fever  or  history  of  fever  plus  headache, 
myalgia  or  rash.  The  epidemic  curve  revealed  a  sharp 
increase  in  cases  beginning  In  the  middle  of  June  and  peaking 
In  eariy  July.  The  epidemic  was  characterized  by  fever 
(100%),  myalgia  (85%),  headache  (81%)  and  rash  (80%). 
Hemorrhagic  mani f es ta t i ons  were  seen  in  very  few  cases.  Age 
specific  attack  rates  revealed  that  from  20  to  30  %  of 
individuals  in  each  age  group  over  1,  including  20%  of  those 
over  60  years  of  age  were  involved. 

Evidence  that  the  outbreak  was  due  to  dengue  included  the 
following  (in  order  of  their  completion): 

1.  Significant  difference  in  rhe  llAi  dengue  2  GMT's  of 
cases  and  controls  in  the  bleeding  f ran  the  initial  days  of 


379 


invest  igat  i  on  (Controls  =  If)  ( sd=4 . 4 ,n=8) ,  Cases  »  60 
(sd  =  6 . 1  ,n=30) ,  p  <  .02  by  Student's  f  test). 

2.  Significantly  more  cases  than  well  controls 
experienced  iLAI  rises.  (21  of  30  cases  vs.  2  of  8  controls 
had  ilAI  rises,  p=.03  by  Fisher's  exact  test.) 

3.  Significant  rise  in  liAl  titer  in  cases  between  acute 
and  convalescent  sera  (acute  GMT  =  30  (sd  »  8),  convalescent 
GMT  =  231  (sd  -  10)  ,  p  <T  .00!  ). 

4.  Isolation  ol  dengue  1  Iran  acute  sera  of  seven  human 
cases  (Identified  by  KI.ISA). 

In  addition  to  confirming  the  etiology  of  the  epidemic, 
several  other  aspects  of  the  diagnosis  of  dengue  epidemics 
were  investigated: 

1.  Comparison  of  IlAI  and  ELISA  definition  of  primary 
and  secondary  cases.  In  22  infected  parients,  paired  sera 
were  available.  By  HAI,  primary  infections  were  those  with 
low  or  absent  antibody  in  SI,  4  fold  rise  in  S2,  but  no  titer 
>  161).  Second,  i  rv  infections  were  those  with  high  titered 
antibody  against  several  antigens  in  S2.  By  ELISA,  primary 
infections  were  those  with  MAC  index  >  GAC  index,  while  in 
secondary  infections,  GAC  >  MAC.  In  21  out  of  22  sera,  there 
was  concordance  between  these  two  classifications,  suggesting 
that  either  method  may  be  used. 

CONCLUSIONS: 

1.  An  outbreak  of  dengue  fever  due  to  dengue  1  occurred 
in  a  sharp  epidemic  in  ail  age  groups  of  a  rural  population, 
suggesting  that  more  than  60  years  had  passed  since  this 
serotype  was  last  inr roduced  in. o  rhe  population. 

2.  Presumably,  any  cohort  of  individuals  previously 
unexposed  to  rhe  circulating  serotype  would  be  susceprlble  to 
such  an  epidem ic  . 

3.  Outbreaks  of  dengue,  like  epidemics  of  influenza,  may 
bo  diag nosed  during  a  single  visit  by  bleeding  a  number  of 
cases  and  non-cases  and  comparing  HAI  GMT' s  using  a  r-tesr. 
Confirmation  of  etiology  -nay  await  more  detailed  serology  and 
v i rus  i solar  ion. 

FUTURE  OH.IF.CT1  Vr.S : 
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1.  More  Information  on  the  transmission  of  dengue  in 
rural  Thailand  and  the  relationship  between  the  strains 
causing  dengue  fever  ai'-i  dengue  hemorrhagic  fever  is  needed 
to  understand  rhe  complex  ecological  interrelationships. 

2.  Because  oi  the  possibility  that  this  sort  of 
outbreak  could  have  serious  adverse  effects  on  military 
operations  in  any  area  of  dengue  transmission,  field  studies 
such  as  these  should  be  pursued. 


3 .  Flavlvl  rus  transmission  in  ru  ral  Thailand  . 

PROBLEM:  To  determine  the  risk  fo  flavivirus  infection  and 

rtie  environmental  risk  factors  influencing  transmission  of 
flaviviruses  in  rural  Thailand. 

i*R(Xl RESS :  Four  villages  in  a  province  of  Thailand  in  which 

Japanese  encephalitis  was  known  to  be  prevalent  were 
selected.  In  May,  19R3,  elementary  school  children  In  these 
villages  were  enrolled  and  bled.  Sera  were  screened  for  JE 
antibody  at  dilutions  of  10  and  20.  Seronegative  children 
(felt  ro  be  at  nost  risk  for  infection),  plus  a  random  sample 
of  seropositive  children,  were  selected  for  detailed 
epidemiological  evaluation.  During  June  and  July,  the 
study  children  were  visited,  their  mothers  questioned  about 
rhe  presence  of  various  risk  factors,  and  their  homes  and 
environs  examined.  In  addition,  human  mosquito  biting 
collections  were  performed  during  the  period  of  likely 
Transmission.  In  September,  the  children  were  bled  again. 

H.A  I  antibody  levels  against  four  dengue  serotypes  and  JE  were 
determined  on  paired  sera  ro  determine  who  had  been  infected 
sy  flavivirus.  Plaque  reduction  neutralization  tests  on  sera 
and  virus  isolation  f rum  selected  mosquito  pools  is  planned. 

PRELIMINARY  RESULTS:  A  total  of  1,604  children  with  a  mean 

age  of  9  were  bled.  the  screening  UAI  revealed  that  329 
children  had  anri-JE  titers  of  £  10.  these  children,  plus 

an  additional  84  seropositive  controls  were  selected  for 
prospective  evaluation  of  risk  factors.  Homes  of  all  but  20 
of  r he  children  were  located.  Of  rhe  first  101  children  in 
which  complete  pairs  of  sera  were  obtained,  22Z  had  a 
four-fold  rise  against  at  least  one  of  rhe  flaviviruses 
tested.  Two  had  antibody  rises  against  only  JE,  and  one 
against  dengue  4  only,  suggesting  that  these  two  agents  were 
circulating.  No  cases  of  encephalitis  occurred  in  the  study 
population,  although  many  cases  occurred  elsewhere  in  the 
province  during  rhe  study  period.  A  re  lat  i  on.sh  . between 
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preexisting  antibody  was  surges  r  ed  ,  with  332  of  individuals 
with  ;j  rvse.ison  titers  <  40  becoming  Infected  during  rhe 

rainy  season  (Table  1). 

Table  1.  Kealrionship  of  pre-season  anti-jF  antibody  level 
M  likiihood  of  flavivirus  infection  during  the  rainy  season. 

INFLICTED* 

YES  NO 

Anri  JE  titer  <_  40  15  30 

in  May,  1983 

>  40  7  49 

Chi  squa  re*=6 . 35  ,  df=l,  p=.012. 

*  Four  fold  rise  in  anri-JE  HA1  antibody. 

The  relationship  of  these  sc  reconversions  to  the 
presence  of  epidemiological  factors  and  the  the  presence  of 
infectious  vector  mosquitoes  remains  to  be  determined. 

CONCLUSIONS: 

1.  die  preliminary  results  suggest  that  242  of  children 
srudied  became  infected  by  a  flavivirus  in  a  three  month 
pe  ri  od  . 

2.  Children  with  lower  HA1  tirers  were  .no re  likely  to  become 
infected  during  the  rainy  season. 

i-UVCRF  OBJECTIVE:  diis  study  may  reveal  important 

information  about  rhe  transmission  of  tlaviviruses  in  a  rural 
setting,  die  srudy  should  be  completed  and  followup  studies 
pi  aimed  . 

4.  Outbreaks  of  encephalitis  in  Thailand,  1 0H2- 1983 

PROBLEM:  To  determine  rhe  proportion  of  cases  of  acute 

encephalitis  which  is  due  to  Japanese  encephalitis  virus 
using,  rhe  jg  MAC  ELISA  test. 

BACKGROUND:  Encephai i r is ,  probably  due  chiefly  to  Japanese 

encephalitis  virus,  continues  to  occur  in  Thailand  some  17 
years  after  its  demonstration  in  humans.  Diagnosis  is  nor 
possible  in  most  of  the  regional  hospitals,  and  when  it  is 
attempted,  the  HA  I  method  is  used.  This  method  is  unreliable 
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because  I-  Paired  sera  are  required,  thus  negating  file 


possibility  ot  a  diagnosis  in 


The  ui Jesp read  presence  of  dengue  causes  confusing  cro.i 
reactions  in  second.tr"  infections  rliar  -nake  di  f  ferenr.i  ir.ion 


rapidly  fatal  cases,  and 


and  J K  impossible  in  any  second  flavivirus 
recent  years,  this  laboratory  has  devel:ped  a 


between  dengue 
infection.  In 

MAC  KLISA  for  diagnosis  of  J  K  j  (  Burke,  L)S.,  et  al .  Antibody 
capture  tout  unoassay  detection  iof  Japanese  encephalitis  virus 
immunoglobulin  11  and  (1  antibodies  in  cerebrospinal  fluii.  J 
Clin  Microbiol,  pp  1034-1042 , j ( 1982) .)  which  is  posiri/e  in 
80fl  of  patients  at  rhe  rime  ofj  admission,  and  in  1 00%  within 
t  It  ree  days.  Moreover,  since  the  test  measures  CSF 
antibodies,  rite  presence  of  large  amounts  of  flavivirus 
anti  body  in  rhe  serun  do  not  interfere.  Tius  rhe  test  las 
'he  potential  of  providing  a  specific  diagnosis  in  many  cases 
where  liAI  serology  is  inadequate.  Its  usefulness  in  the 
field  suggesrs  that  it  is  a  rest  which  will  he  very  helpfil 
in  clarifying  rhe  etiology  ofjthe  ongoing  problem  of 
encephalitis  in  Thailand, 


To  further  evaluate  the  usefulness  of  this  test,  we  have 
sought  outbreaks  of  ence pita  11  tils  and  investigated  them 
ourselves,  or  encouraged  their  investigation  by  .Ministry  of 
Public  llealrh  epidemiology  trainees. 


PRfXIRKSS :  Ourbreaks  of  encephalitis  occurring  during  rhe 

rainy  season  were  sought  prospectively  based  on  the  reporting 
of  encephalitis  cases  in  the  national  surveillance  system. 
Four  such  outbreaks  were  investigated:  one  each  in  rhe 
provinces  of  Kampangphet,  Utraradir,  Chaingmai  ,  and  Yasorhon. 


RESULTS: 

1.  Kam  pangphet  :  Eor  the  third  consecutive  year, 

( ! 98 1  ,  h2 ,  and  83)  we  conducted  epidemiological  and  clinical 
studies  of  Japanese  encephalitis  in  Ham  pangphet  Province, 
Thailand.  During  the  three  years  of  rhe  study,  40,  41,  and  66 
cases  occurred,  respectively,  marking  1983  as  a  year  of 
particularly  intense  JE  acrivitry  in  that  province.  The  1983 
epidemic  began  abriptiy  in  mid  June  and  rose  to  a  sharp  peak 
during  rhe  week  of  13-19  July  .(Table  1).  In  that  week  alone, 
14  encephal ir is  cases,  of  which  1!  were  confirmed  as  due  to 
JLV,  were  admitted  to  the  hospital  requiring  the  dedication 
of  a  special  hospital  ward  exclusively  for  the  care  of 
encephalitis  patients.  By  the  third  week  in  August, 
admissions  due  to  encephalitis  were  decreasing. 
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Table  1.  Weekly  nunber  of  cases  of  encephalitis  in 
Harapangphet  province,  1983 


Week  Cases 

6/15-6/21  3 

6/22-6/28  8 

6/29-7/  5  7 

7/  6-7/12  7 

7/13-7/19  15 

7/20-7/26  10 

7/27-8/  2  4 

8/  3-8/  9  7 

8/10-8/16 _ 5 _ 

TOTAL  66 

*  confirmed  by  anti  JE  IgM  in  CSK 


JE* 

2 

5 

6 
4 

1! 

10 

4 

4 

_3 

49 


Of  the  66  cases  In  1983,  Japanese  encepha. if  1b  was 
established  as  the  etiology  of  49  by  defection  of  IgM  anfi-JE 
rtHflbody  In  the  admission  cerebroapin.il  fluid  ..ith  a  JE  MAC 
ELISA  test.  Twelve  confirmed  cases  were  fatal,  for  a  case 
fatality  ratio  of  24J ,  Post-mortem  brain  biopsies  or 
autopsies  were  pe rf o m. ed  in  10  of  the  18  fatal  encephalitis 
cases,  and  JE  virus  was  Isolated  f rum  brain  tissue  in  at 
least  8  of  these  cases.  Cultures  of  CSK,  performed  by 
inoculating  AP-61  'Aodes  pseudoscutel la ri s )  cells  at  the 
bedaide,  yielded  JE  virus  in  5  out  of  47  attem'*s  fro# 
confirmed  cases. (Table  2) 


Table  2.  Isolations  of  JEV  In  Kara  pa ng phe r ,  1983 


Niraber  Nun  her 

Source  Attempted _ Pos  1  t  i ve 

Hrain  10  8 

CSF  47  5 

I’iy  4  1. 


There  are  approximate!  y  56(V»X)  people  In  Ksrapongphet 
Province,  thus  the  attack  rate  for  JE  was  7  cases  per  100,000 
population.  ,'£e  specific  attack  rates  were  highest  In  6-10 
(22/100,000)  and  1-5  year  olds  (21/100,000).  within  the 
province,  the  geographic  distribution  of  the  198  3  cases 
extended  approximately  50kra  further  south  than  ir.  198)  or 
1982,  suggesting  suae  southward  movement  of  the  disease. 

We  conclude  that; 
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1.  Japanese  encephalitis  epidemics  continue  to  recur  on 
an  annual  basis  In  Thailand. 

2.  822  of  cases  of  encephal  If  is  were  confined  as  due 
to  JKV. 

3.  Age  specific  attack  rates  are  such  that  any 
immunization  programs  for  JR  must  be  targeted  at  pre-aci.ool 
age,  as  well  as  school  age  children. 

4.  The  diagnosis  of  JEV  encephalitis  can  be  confined  by 
post-morten  needle  brain  biopsy  in  a  high  percentage  of  fatal 
cases . 

3.  The  technique  of  bedside  inoculation  of  CSF  into 
AP-61  cells  yields  a  virus  lsolste  in  102  of  esses. 

2.  Ut  ta  radl  r  :  Utrarsd'.f  is  s  province  in  the  northern 

part  of  Thailand  which  lias  generally  exj>e  rlsnced  some  of  the 
highest  tares  of  encephalitis  in  Thailand.  Knccphaltr is  esses 
were  diagnosed  by  the  pediatrician  at  the  provincial 
hospital.  Serin  and  CSF  specimens  were  collected  and  sent  to 
AFR IMS  for  testing  using  the  Jt  MAC  ELISA  test. 

The  monthly  nmber  of  esses  demonstrated  the  typical 
sharp  July  peak  seen  in  virtually  every  outbreak  tdiich  has 
been  studied  In  recent  years.  (Table  3) 

Table  3.  Monthly  mnber  of  encephalitis  cases  sesn  In 
Uftaradlt  in  1983 


Month  No.  cases  No.  fatal 
Jan  2  0 

Feb  3  0 

Mar  l  0 

Apr  4  I 

May  1  0 

Jun  I A  2 

Jul  39  10 

Aug  1 7  0 

Sep  3  0 

TOTAL:  I0A  iT 


Clinical  specimens  were  collected  on  3i  esses  and  sent 
to  AFK IMS ,  Of  29  with  paired  sera,  23  bad  a  positive  test 
for  anti  JF.  IgM.  Of  the  other  3,  only  two  had  a  firm 
diagnosis  of  encephalitis ,  one  was  felt  to  be  s  reaction  to 
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typhoid  vaccine,  one  was  accompanied  by  a  rash  and  felt  to  be 
due  to  another  agent  ,  and  one  was  a  brain  tunor.  Thus  of  27 
enceph.il  i  t  is  patients,  25  (937)  had  evidence  of  acute  JE 
infection  as  r lie  etiology. 

3.  Chiaiijyn.il  :  On  July  20,  1983,  Prs.  Sup  ram  it  and 

Suruchai  of  riie  Th.il  Ministry  of  Public  Health  came  to  AERIMS 
to  discuss  their  plans  for  an  investigation  of  an  outbreak  of 
encephalitis  in  Chalngmal,  a  province  in  northern  Thailand 
1  ong  known  to  contain  many  cases  of  encephalitis  each  year. 
Discussion  of  the  optimum  specimens  for  diagnosis  ensued.  In 
addition  to  the  requirement  for  CSK  tor  the  MAC  ELISA  test, 
the  recent  success  in  isolation  of  JE  virus  from  the  CSK  of 
acute  cases  suggested  that  field  innoculation  of  AP-bl  cells 
should  be  attempted. 

CSF  specimens  were  received  on  17  individuals  and  from 
33  well  f .unity  members  of  cases.  JE  MAC  ELISAS  were  strongly 
positive  in  |4  of  the  17  cases  (K2Z).  Of  the  33  well 
contacts  of  cases,  5  ( 1 52 )  had  evidence  of  JE  Ig.M  in  their 
serum,  suggesting  that  they  had  been  recently  exposed  and 
infected,  but  had  not  developed  encepha 1 1 f 1 r i s .  Of  the  17 
cell  cultures  received  back  at  r he  lab,  only  4  were  not 
heavily  coot  ,im  inated .  These  4  yellded  no  evidence  of  JK 
v 1 rua  . 

CONCLUSIONS: 

1.  Ji.  virus  accounted  for  827  of  cases  of  encephalitis 
tested  in  Mils  outbreak  In  Chaingmai. 

2.  157  of  asymptrmat  lr  controls  had  evidence  of  rvetif 
flavivirus  infection,  suggesting  that  transmission  to  her  a ns 
is  quite  Intense, 

3.  field  innoculation  of  cell  cultures  for  lsollnfion 
of  ,JE  f  run  CSK  was  unsuccessful  in  this  case,  but  the 
technique  should  be  improved  and  retried  under  more 
felicitlous  circumstances. 

4.  Yasothon:  In  j  recent  review  of  encephalitis  in 

Thailand,  the  province  of  Yasothon  had  t he  highest  mean  rates 
of  any  province  ot  reported  encephalls  is  during,  the  last 
decade.  (Table  4) 

Table  4.  Provinces  in  v^tich  the  encephalitis  rates  were 
among  the  10 

hlghesr  for  six  or  more  of  the  12  years  of  surveillance 
between  1970  and  I'lHI, 
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Province 

Region 

No .  y  rs 
in 

fop  10 

Mean 

Annual 

rare 

Yasotlion 

NE 

i  1 

12.8 

Kam  pliangphet 

N 

11 

12.4 

Ch  langma  i 

N 

li 

9.4 

Chlangrai 

N 

10 

12. 1 

Nan 

N 

9 

12. 1 

Lam  pang 

N 

7 

6.8 

Lot  ptiun 

N 

7 

6.8 

U  f  fa  rad  1 r 

N 

6 

10.9 

Because  YasoMion  w;is  far  from  any  other  province  which 
had  high  encepha  1 1  t  1  s  rjfes,  its  own  high  rare  was  a 
prottinanr  feature  of  maps  showing  encephalitis  rates  by 
province.  Moreover,  pressure  had  been  growing  iron  local 
groups  for  the  government  to  institute  control  programs. 
Therefore  a  request  was  made  of  local  surveillance  officials 
fhar  they  provide  more  detailed  information  and  specimens 
f  run  cases  of  enceph.il  i  t  is  . 

Kl-.SU  US  :  During  the  survel  1  lance  period,  4  cases  of 

possible  encephalitis  occurred.  These  specimens  have  not 
been  sent  to  AKKJMS  for  analysis  as  of  this  fine.  However, 
e/eti  if  they  are  all  positive,  the  rate  will  be  less  rhan  101 
of  most  previously  reported  rates. 


CONTUSION:  One  result  of  Improved  diagnostic  fools  Is 

improved  surveillance.  In  this  case,  the  availability  of  an 
improved  diagnostic  test  occurred  simultaneously  with  the 
narked  reduction  in  reported  encephalitis  cases  from  the 
p  >-ov  i  nee  . 

SUMMARY  :  these  4  I nvest iga i on*  (Table  5)  reveal  that  JK 

continues  as  a  serious  health  problem  in  northern  provinces, 
but  not  ,n  Yjsothon.  About  POX  fo  cases  of  e.c;cphaltt is 
'jeeurring  in  the  rainy  season  are  duo  to  JKV 

Table  6.  Summary  of  epl Jen tol og  lea  1  Investigations  of  JE, 

1  0:n 


P  rov 1 nco 

*  cases 

1  rested 

1*  with 

JEV  Infection 

k.im  pa  ng  phe  t 

66 

66 

49 

U  1 1  a  rad  1  r 

76 

27 

25 
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Chiangmal 
Yasof hon 


4 


17 


14 


82 


FUTUTK  OBJECTIVES:  Conrrol  measures  for  this  disease  are 

urgently  needed  in  northern  Thailand  and  should  be  evaluated. 


5.  Se  roconve  rs i on  of  Figs  in  Northeast 
Thailand  to  JFV 

OBJECTIVE:  To  determine  in  swine  the  monthly  seroconversion 

to  JEV  in  Northeast  Thailand. 

PROBLEM:  Pigs  are  known  to  be  an  amplifying  host  for  JEV. 

Studies  on  pig  seroconversion  rates  in  Chiangmal,  Japan,  and 
Sarawak  have  shown  high  rates  of  seroconversion  that  are  not 
constant  throughout  the  year.  Infection  in  pigs  are  a  means 
for  monitering  the  JE  season.  Increased  seroconversion  in 
pigs  is  seen  when  JE  cases  occur  in  man.  Chiangmal  in  the 
north  is  an  area  with  a  high  human  attack  rate.  However  in 
Southern  Thailand  there  are  many  pigs  with  JE  antibody  and 
few  reported  cases  of  JE  In  man.  Multiple  factors  may 
account  for  this  Including  climate  and  vector  differences  and 
differences  in  strains  of  virus.  This  study  at  Sri  Klu  pig 
facn  near  Korat  will  allow  calculation  of  seroconversion  rate 
In  a  province  with  an  Intermediate  attack  rate.  This 
information  will  help  In  determining  the  importance  of  swine 
in  JE  transmission  and  possible  differences  in  various 
locations  in  Thailand.  Attempts  will  be  made  to  Isolate 
virus  from  these  pigs  so  it  can  be  compared  with  recent 
isolates  from  an  area  where  clinical  JE  infection  In  man  Is 
common  . 

PROCRESS:  Hie  testing  of  pigs  for  HAI  antibody  to  JEV  began 
on  15  June  1983.  Twenty  pigs,  three  months  of  age  were  bled 
and  12  had  positive  HAI  titers.  To  date,  4  months  Into  the 
study,  the  average  monthly  seroconversion  has  been  23.37 
(range  17-287.). 


5  .  llepa  1 1 1 1  s  A  Our  b  reaks  in  Tha  1 1  and  ,  1982-1983 

PROBLEM:  In  the  past  two  years,  two  epidemics  of  Hepatitis 

were  investigated.  Both  epidemics  were  investigated  because 
initial  data  suggested  that  young  adults  were  most  heavily 
aflected,  a  characteristic  that  was  thought  to  suggest  non-A 
non-B  hepatitis,  Unexix'cfed  1  y ,  both  outbreaks  were  due 
primarily  to  Hepatitis  A  virus,  suggest*  ->  that  susceptible 
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cohorrs  of  young  adults  are  developing  as  sanitation  improves 
in  Thailand.  The  first  outbreak  may  have  been  due  to  both  A 
and  NANB  viruses. 


1.  ACUTE  HEPATITIS  IN  NAKORN  SAWAN:  In  November,  1982, 
routine  surveillance  of  hepatitis  indicated  a  marked  increase 
in  reported  cases  in  the  province  of  Nakorn  Sauun,  about  200 
kilometers  north  of  Bangkok.  An  Investigation  by  the 
Ministry  of  Public  Health  oDiJe.m  iology  trainees  and  AKRIMS 
was  initiated.  Surveillance  of  acute  hepatitis  cases  was 
instituted  at  the  provincial  hospital,  and  convalescing  cases 
which  had  been  provlously  reported  in  the  national 
surveillance  were  sought.  Controls  for  cases  seen  at  the 
hospital  were  chosen  from  patients  seen  with  traumatic 
i 1  lnesses  . 

Seventy-nine  convalescent  cases  and  21  acute  cases  were 
found  in  the  surveillance  program.  The  epidemic  lasted  from 
May  until  November.  A  peak  in  hepatitis  A  cases  occurred  in 
August,  while  a  peak  in  apparent  non-A  non-B  cases  occurred 
in  October.  Cases  were  concentrated  in  a  neighborhood  where 
the  water  supply  to  several  blocks  of  shop  houses  was 
compromised  by  poor  quality,  submerged,  leaking  pipes  and 
considerable  poorly-drained,  standing  water.  It  was 
hypothesized  that  the  disease  had  been  transmitted  through 
file  drinking  wafer,  and  recommendations  for  Improving  the 
qualify  of  the  water  supply  were  made. 

Laboratory  studies  revealed  that  6 3%  of  convalescent 
cases,  but  only  20  %  of  controls,  were  positive  for  IgM  anti 
HAV  by  radioimmunoassay  (p<.01).  Only  1%  of  cases  and  no 
controls  had  evidence  of  hepatitis  B  infection.  Among  the 
patients  found  in  the  prospective  surveillance,  29%  of  cases 
and  22%  of  controls  had  evidence  of  hepatitis  A.  The 
incidence  of  hepatitis  A  was  highest  in  10  to  19  year  olds. 

7 2%  of  acute  hepatitis  cases  in  this  age  range  had  evidence 
of  hepatitis  A  infection.  In  older  patients,  about  40%  of 
those  with  hepatitis  had  evidence  of  neither  A  nor  B. 
suggesting  that  a  form  of  non  A  non  B  hepatitis  may  have 
occurred  in  conjunction  with  the  hepatitis  A  epidemic.  Vftien 
possible,  stool  specimens  had  been  collected  from  early  cases 
with  the  Intention  of  seeking  an  infectious  agent  if  the  case 
appeared  to  be  due  to  a  non-A  non-B  hepatitis.  In  one  case 
of  NANB  hepatitis,  such  a  specimen  was  collected.  Immune 
electron  microscopy  revealed  the  presence  of  a  small  number 
of  27  r»m  particles  conslstant  with  hepatitis  A  virus  or  non-A 
non-B  hepat it  is  . 
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2.  HEPATITIS  A  IN  CHIANGRAI ,  THAILAND.  In  August  of 
1983,  investigators  f  ran  file  Thai  Ministry  of  Public  Health 
epljem iology  program,  requested  the  assistance  of  the  AfRIMS 
department  of  virology  in  investigating  an  epidemic  of 
hepatitis  in  Chiangrai,  a  province  in  the  far  northern  pa  rt 
of  Tha i land  . 

The  largest  number  of  cases  occurred  in  August,  when  61 
cases  occurred.  Again,  most  cases  were  in  young  adults 
between  15  and  24  years  of  age.  Blood  specimens  f ran  24 
acute  cases  were  obtained.  Of  these,  20  contained  IgM  anti 
MAV,  suggesting  that  hepatitis  A  virus  was  the  etiologic 
agent  .  Epidemiological  studies  are  in  progress. 


CONCLL'  S  I  Oh'S  : 


1.  These  two  outbreaks  suggest  that  hepatitis  A  can  no 
longer  be  considered  exclusively  a  disease  of  children  in 

Hi  ail  and.  Presumably,  as  sanitation  improves,  the  numbers  of 
children  exposed  to  hepatitis  A  virus  tr  young  childhood  is 
lessening.  As  a  result,  cohorts  oi  aoulrs  are  developing. 

2.  The  first  outbreak  suggests  that  N’ANB  hepatitis  may 
occur  1 conjunction  with  hepafi'is  A  in  young  adult 
populations  in  Thailand. 

FUTURE  OBJECTIVES: 

1 .  Further  studies  to  isolate  the  agent(s)  and  define 
the  epidemiology  of  NAN'B  hepatitis  in  Thailand  are  needed. 
Either  investigations  of  acute  outbreaks  or  prospective 
surveillance  among  high  risk  groups,  such  as  those  along  the 
Cambodian  border,  would  be  appropriate. 

2.  With  respect  ro  efficacy  trials  of  hepatitis  A 
vaccine  in  Thailand,  attack  rates  In  younger  children  may  be 
lower  than  previously  thought,  while  those  in  older  people 
may  be  higher.  Vaccine  protocols  should  take  these  findings 
into  ac  c  oun f  . 


7.  Rotavirus  as  a  Cause  of  Severe  Gastroenteritis 
in  Adults 


OBJECTIVE : 


To  determine  rhe  role  of  rotavirus  as  a  cause  of 
is  in  adults  In  Thailand. 
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PKOGKI'.SS:  Kotnvirus  w.is  identified  .is  Hio  only  efiologic 

agent  in  tivi  percent  (dF/'iJh)  of  'dulrs  with  diarrhea  who 
we  n*  adTitfed  to  bum  r.isn.i  rad  u  r.i  iiospir.il  in  Nonrhaburi, 

Tii.ii  land  during  a  one  yon  r  pi*  rind.  infection  was  deremined 
by  Jcft'cr  ion  or  rotavirus  in  lii.irrheal  sfools  by  F.LISA 
uccon pan iod  ay  a  greater  rt>an  fourfold  rise  in  serun  CF  and 
KIA  anribody  titers  to  rotavirus.  Adults  with  clinical 
rotavirus  infections  vc  re  is  severely  ill  as  patients  with 
no.st  nacre  rial  enteric  infections;  only  patients  wlm  cholera 
passed  .lore  w,i  i  o  rv  stools  and  were  noro  dehydrated  rlian  those 
with  rotavirus  infectious.  eniv  two  a  tin;  _’H  adults  with 
rotavirus  infections  had  .mown  recent  contact  with  young 
children  wi  r  h  diarrhea.  i’or.ivirus  infections  in  these  adults 
occurred  nsf  t  rorpienf  1  >  in  *ho  cooler,  drier  months  in 
Thailand  than  during  f!.e  rest  of  the  year.  In  some  setrings, 
rotavirus  should  he  considered  in  the  differential  diagnosis 
of  severe  diarrhea  in  idults  .is  well  as  in  young  children. 

K! 'TV  PI  Viijr.-'T  1  Vi  S  :  ’  i  collect  rotavirus  iron  infants  and 
adults  and  coipar.-  the  xero'.ogv  md  imm  unolug  i  ca  1  "esponse 
for  the  different  serotypes  id  rotavirus. 


s  .  i’  rrv.i  I  ell,  i-  (!  -hsif.-st  a;.lf  If  K, ;  r  e  r  ot  px  j  gen  i  e 
F.sciie  ri  ca  i  a  coil  in  ’’  i  ;x  ,  '..a  ter,  and  Fc  op !  c. 
a  t  Fa  rns  i  a  7! .  i  i  !  a  a  t  as  ;vte  m  intd  by 
if. A  dyii  r  i  d  i  /.  1 1  i  on 

fit  If. (IT  I  Vi.  :  To  feline  till-  i.geviieuer  of  hea  t -s  t  ah  1  e  II 

entcrotoxi  ;.;■!<•  i.sc  l.e  r  i  .  i  a  cfi.  in  pigs,  -.iter,  and  people 
at  tarns  in  Thailand  as  p-fomined  ..y  f).‘<A  hybridization. 

I’ I'd  >  i  It '  SS  :  To-  :>NA  !tv!  ri  fizat  ioa  issay  on  ploying  a  460  base 

pair  I  r.i,;nent  of  .d.A  encoding  lor  ST- 1  I  ■'iif  iTot  oxin  was  used 
to  de.fr  nine  the  ;  re  va  i .  n  re  of  ho.l  t -s r  ifi  1  e  I!  on  t  e  rorox  igen  ic 
i.sc '  a '  r  i  c  h  i  a  c » •  I  i  f'Tl.fl)  in  pies,  People,  and  wafer  at  57 
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was  associated  with  young  pigs  with  diarrhea  in  Thailand,  but 
was  infrequent  in  .nan. 

FUTURE  OBJECTIVE :  Study  com pleted . 


0.  Mosqu i t o  Survey  and  Taxonomic  Studies 

PROBLEM:  To  elucidate  the  mosquito  fauna  of  Thailand  and 

Southeast  Asia.  Primary  emphasis  is  put  on  the  determination 
of  diagnostic  characters  that  separate  the  vector  species  and 
groups  containing  vector  species  that  transmit  parasites 
detrimental  to  humans. 

PROGRESS:  IXiring  the  past  year,  morphological  studies  were 

continued  on  the  sibling  species  of  the  ha labacens is  and  the 
maculatus  complexes.  These  studies  are  being  done  in 
collaboration  with  the  WRAIK  Bi osystmar i cs  Unit  at  the 
Sm  i  r.hsonian  Institution.  Manuscripts  are  in  preparation  to 
describe  new  species  in  the  ba la  bacons  i  s  complex,  with  the 
members  currently  being  ret'ered  to  as  Anopheles  dints  A,  B, 

C,  or  D.  Discriminating  morphological  characters  have  been 
found  that  will  differentiate  sene  of  the  new  species  in  the 
maculatus  complex.  A  key  has  been  prepared  and  is  included 
in  a  manuscript  still  under  preparation  (1).  Work  on  the 
Aedes  (Elnlava)  manuscript  continues  with  over  22  plates 
having  been  completed.  Progeny  rea rings  of  vector  species 
from  many  locations  in  Thailand  and  several  locations  In  We 
Malaysia  have  been  completed  and  correlated  with  genetic 
identifications. 

FUTURE  OBJECTIVES:  Taxonomic  studies  on  members  of  the 

ha  1  a bacens i s  and  maculatus  complexes  will  continue. 
Morphological  characters  to  discriminate  field-collected  An  ■ 
dirus  A,  ri,  C,  and  I)  will  be  tested  wirti  populations  in 
Tliailand  and  Malaysia.  The  key  to  separate  the  maculatus 
complex  also  will  be  tested  in  the  field  with  large 
population  samples.  The  final  ten  plates  for  file  Aedes 
(Elnlava)  manuscript  will  be  prepared. 

REFERENCE: 


1.  Ka : r ana ri r h ikul ,  R.  ,  Green,  C.,  Baimal,  V.,  Andre,  R.  ,  and 
Trenomgkol ,  A.  Morphological  differentiation  within  the 
Anopheles  maculatus  complex  of  species.  (Manuscript  in 
p  re  pa  ra  r  i  on  )  . 
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10.  Mosqui r  o  Cyr  ogenef lc  ,  Elect  rophoretic  and 
Cross  Mari ng  Srudies 

PROBLEM :  To  define  and  dellmir  the  raxa  in  rhe  vector 

Anophe 1 es  species  complexes  by  cytogenetic,  electrophoretic 
and  cross  mating  techniques  for  rhe  following  reasons:  a.  to 
check  against  current  morphological  species  concepts;  b.  as 
an  accurate  detemination  of  chromosomal  polymorphisms  and 
generic  variations  in  natural  populations  of  malaria  vector 
species  and/or  suspected  vector  species;  and  c.  tocorrelate 
genetic  variations  in  natural  populations  of  the  vector 
species  with  habitat  differences,  innate  susceptibility  to 
rhe  human  malarias,  and  behavioral  patterns  that  may 
facilitate  more  effective  control  measures  in  rhe  future. 

PROGRESS :  Analyses  of  mefaphase  chromosomes  of  the  four 

taxa  of  the  Anophe les  ha labacensis  complex  (  An ■  d 1 rus  A,  B, 
and  C,  An.  takasagoensis ,  )  using  rhe  Hoechst  33258 
fluorescent  staining  technique  have  revealed  remarkable 
differences  In  fluorescent  banding  patterns  of  rhe  sex 
chromosomes,  parriculary  rhe  Y  chromosome  of  these  taxa. 

These  differences  are  mainly  the  amount  and  distribution  of 
const  ltut  lve  her e ruch runat in .  Two  largely  independent 
studies  of  chromosomes  from  narural  populations  of  Anopheles 
maculatus  provide  evidence  for  several  genetic  species  within 
rhe  taxon.  Polytene  chromosome  variation  shows  four 
different  rearrangements  of  am  2  and  three  rearrangements  of 
the  X  chrunoscme.  There  is  unequivocal  evidence  for  three 
species  wirhin  this  complex.  The  progeny  of  five  Isofemale 
lines  of  Anopheles  indeflnitus  exhibited  a  supernumerary  (B) 
chromosome.  Some  preparations  of  the  B-ch romosome  manifested 
2  sister  chromatids  indicating  some  normal  duplication  and 
segregaf ion  .  Elect romorphic  variation  for  sane  esrerases  and 
0-phos phog 1 ucona r e  dehydrogenase  enzymes  in  An.  maculatus  is 
conr roiled  by  four  loci  which  are  unlinked  to  sex.  Esterase 
loci  are  linked  to  each  other;  Esr  1-38? -Esr  U- 1 6 . 535-Es  t  3; 
but  unlinked  to  Pgd  2.  Linkage  data  were  obtained  by  selfing 
P-1  from  selected  pa  rents  and  ..na  lysing  genotypes  in  rhe  P-2. 
Cross  mating  experiments  have  provided  additional  evidence 
for  rhe  species  status  of  members  in  rhe  ba labacensis  and 
maculatus  complexes, 

PUTURK  OBJECTIVES:  Urge  samples  f  run  natural  populations 

of  members  of  the  ba lahacens Is  and  maculatus  complexes  will 
be  collected  and  analyzed  by  cytogenetic  and  electrophoretic 
techniques.  Correlations  with  morphology  will  be  attempted. 
Recombinant  PNA  techniques  will  be  tried  to  differentiate 
members  of  the  ba  lahacens  1  s  complex. 
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11.  Clin  pa  ra  r  i  ve  Susceptibility  of  Known  and 
Suspected  Spec i os/ Sr ra i ns  ot  Anopheles  to 
Plasmodium  Parasites 


PKOiil.h.MS :  The  objectives  of  this  investigation  are  as 

I  ul  lows:  a.  to  determine  jnd  compare  the  susce  [if  i  b  i  1  i  t  y  of 
primary  and  potential  secondary  vectors  of  malaria  to 
Plasmodium  parasites;  b.  to  delineate  the  development  of 
malaria  parasites  in  rtnophe  1  es  species  with  varying  decrees 
of  susceptibility;  and  c.  to  observe  the  feeding  behavior  of 
colonized  vectors  of  lu»man  malaria  under  laboratory 
c ond if  ions. 

PKUIKf  SS :  Studies  on  the  susceptibility  of  various 

anoptielines  to  human  malaria  continued  this  year  at  the 
Malaria  Control  Center,  Tim  Muang,  Kanchanaburi  Province. 
Anopheles  dims  A  was  cun  pa  red  to  order  colonized  Thai 
Anopheles  spec ies/ forms  in  pa i red-feed  ins  experiments. 
Thirty-two  patients  Infected  with  falcipanm  malaria  gave 
rise  to  infection  in  dims  A.  Over  rh  ree-qua  rt  e  rs  of  the 
mosquitoes  dissected  had  developed  oocysts,  bur  only  forty 
percent  had  positive  salivary  glands.  Ila  1  f  of  the  other 
mosquitoes  (  dinis  H  and  C,  macu  la  tus  A  and  b)  became 
infected  and  of  those,  forty-one  percent  had  sporozoites. 
Results  from  forty-five  paired  feeds  on  Plasmodium  vivax 
patients  showed  that  rhe  mosquitoes  were  more  susceptible  to 
this  parasite.  Overall,  dims  A  was  more  susceptible  to 
human  malaria  parasites  than  the  other  spec  ies/ formts  tested. 


ri1  IT!  KL  UHJKCTIVPS:  It  is  planned  to  continue  this  study 

next  year  in  order  ro  test  the  susceptibility  of  the  new 
species  in  the  baiabacensis  complex  and  rhe  macu la r us 
complex.  Known  generic  lines  will  be  used  ro  determine  rhe 
importance  of  these  sibling  species  in  the  natural  history  of 
m a  1  a  r i a  in  Hi  a i 1  and  . 


12.  Detrimental  effects  of  Plasmodium  Infect  1 ons 
on  rtie  Survival  Kate  ol  Anopheles  d  i  ms 


PKi’hl.f.M:  The  objectives  of  this  study  are  as  follows:  a. 

to  determine  it  the  longevity  of  mosquitoes  infected  with 
Plasmodium  is  different  to  a  significant  degree  from  that  of 
uninfected  mosquitoes;  b.  ro  determine  if  rhe  longevity  ,*m  ong 
mosquitoes  with  heavy  or  light  infection  rates  is 


signi  f  icanr  1  y  different;  and  c.  to  determine  if  the  longevity 
of  mosquitoes  infected  with  different  species  of  Plasmodium 
is  different  significantly  among  groups. 

PROG  T-SS :  An  investigation  of  tlio  effects  of  human  malaria 

parasites  on  the  longevity  of  Anopheles  dirus  continued  this 
year.  Over  one  hund red  and  fifty  lots  of  mosquitoes  have 
been  fed  on  Plasm  od  i  irn  vi  vax  patients,  fine  hundred  and  ten 
lots  of  nosquitoes  were  allowed  to  feed  on  P.  falciparum 
patients.  Anout  AO"/,  of  the  feeds  were  positive.  Control 
lots  of  mosquitoes  were  fed  on  uninfected  volunteers  on  the 
day  of  the  pjtient  feed.  Survival  of  control  mosquitoes  and 
lightly  infected  mosquitoes  was  excellent,  with  seme 
mosquitoes  living  more  than  seventy  days.  Heavily  Infected 
mosquitoes  usually  died  within  one  month.  A  manuscript  on 
the  correlation  of  survival  rates  of  An.  dirus  wirh  different 
infection  ilensites  ot  I’,  evnanoi  gi  was  revised  jnd  is  in 
p ress  ( 1 ) . 

H1TJK1.  OBJECTIVES:  Data  f  rod  these  experiments  will  be 

entered  onto  the  computer  tor  statistical  analysis.  Feeds 
will  continue  to  be  made  during  the  next  year  to  increase  the 
number  of  infected  comparisons. 


KF.FtKKNCE: 


1.  Klein,  T.  ,  Harrison,  H.,  Grove,  J.  ,  Vongpradist,  S.,  and 
Andre,  R.  19B3.  Correlation  of  survival  rates  of  Anopheles 
dirus  (Dipfera:  Culicidae)  with  different  infection  densities 
o  f  Plasm  od i urn  cynun oi g i .  Bull.  W.H.O.  (In  press). 


13.  Iden  r  i  f  i  ca  r  i  on  of  i'i  e  Id-Col  leered  Spo  rozoi  res 

PROBLEM:  Four  different  tests  are  available  to  potentially 

identify  Piusmod in-  sporozoites  in  mosquito  salivary  glands: 

a.  c  i  rc  m -spo  rozoi  r  e  precipitin  test;  b.  irnnm  unof  1  uorescent 
antibody  test;  r.  radioimmuno  assay  test;  and  J. 
enzyme-linked  immunosorbent  ass.av  test.  The  objectives  of 
this  study  are  to  provide  P 1  a  stm  od  i  un  f  a  1  c  i  '•»  a  rum  and  P.  vivax 
s  po  rozoi  r  es  to  WKA1K  for  the  de  ve  1  o[7n  en  r  and  Improvement  of 
these  tests,  to  evaluate  these  four  tests  in  rtie  laboratory 
wirh  mosquitoes  infected  with  Thai  strains  of  Plasmodium  , 
and  tu  adau'  the  tests  for  use  in  the  field  to  identify 
natural  infections  in  vector  anoplie  l  i  nes  . 


PRUGKESS:  Anopheles  dirus  finales  were  al lowed  to  feed  on 
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patients  infected  with  Plasmodium  fa  lei  pa- on  and  P.  vivax 
parasites.  After  14  days  the  mosquito  salivary  glands  were 
removed  and  the  sporozoites  harvested,  or  mosquitoes  were 
t  rozen ,  or  mosquitoes  were  killed  and  dried.  Plasmodium 
vivax  sporozoites  were  inoculated  ini  o  BALI!/ C  m 1 ce  .  Each 
mouse  received  an  initial  inoculum  and  four  boosters  over  a 
period  of  three  months.  The  mice  were  sent  then  to  WRA1R  for 
the  development  of  monoclonal  antibodies  to  be  used  in  an 
ELISA  test.  Mosquitoes  infected  with  P.  falclpa  rum 
sporozoites  were  sent  to  WRAIR  for  evaluation  of  a  new  ELISA 
test  and  were  sent  also  to  Nil!  for  evaluation  of  the  RIA  test 
(1).  Mosquitoes  infected  with  P.  vivax  also  were  sent  for 
evaluation  of  the  tests.  Harvested  sporozoites  were  spotted 
onto  I  FA  slides  for  monoclonal  antibody  analysis  and  rabbit 
antiserum  specificity  evaluation.  One  An .  d  1  ru  s  female, 
captured  during  a  human  biting  collection,  was  found  to  have 
sporozoite-infected  salivary  glands.  These  sporozoites  were 
tested  using  the  IKA  and  gave  a  positive  reaction  when 
exposed  to  a  ?,  falciparum  monoclonal  antibody.  Manuscripts 
describing  the  ELISA  test  for  both  species  of  Plasmodium  are 
under  preparation  at  WRAIR  (2). 

FUTURE  OBJECT  I  VKS:  During  the  next  year,  evaluation  of  Cite 

different  rests  will  continue.  Emphasis  will  be  placed  on 
field-testing  the  ELISA  technique  and  its  applicability  to 
use  at  a  longitudinal  malaria  study  site.  Tests  will  be  run 
to  quantify  the  specificity  and  sensitivity  of  the  ELISA  for 
both  falciparum  and  vivax  malaria  sporozoites  against  local 
Thai  strains  of  parasites  and  vectors.  The  ELISA  rest  will 
be  used  to  determine  the  density  of  anophelines  infected  wirh 
human  malaria  sporozoites  in  a  village  situation. 

References  cited. 

1.  Collins,  F.,  Gwadz,  R. ,  Zavala,  F. ,  Nussenzwelg,  R. , 
Nussenzwe ig  ,  V.  ,  and  Koontz,  L.  1982.  Malaria  epidemiology: 
The  detecrion  and  identification  of  sporozoites  In  mosquitoes 
by  radio  immune  assay.  Ann.  Trop.  Med.  Hyg .  Meet  .  November 
7-11,  1982. 


2.  Burkot,  T, ,  Zavala,  F.,  Gvadz,  R.  ,  Collins,  F., 
Nussenzweig,  and  Roberts,  D.  Identification  of  malaria 
sporozoite-infected  mosquitoes  by  enzyme-linked  immunosorbent 
assay.  (Submitted  for  pub  1 i ca r i on ) . 


1.4.  Cor  re  lari  on  of  Sporozoi  t  e  to  Carnet  ocyte  Ratios 
in  a  VI 1 1 a g e  Situation 


PROBLEM:  The  objectives  of  this  study  are  as  follows:  a. 

determine  the  monthly  garnet  ocyte  prevalance  for  Plasmodium 
vivax  and  P.  falciparum  ;  b.  determine  the  species  of 
sporozoites  found  in  man-bit  ing  Anophe  les  in  the  s  a  1  e 
community  using  the  IKA  or  ELISA  tests;  and  c.  compare 
species  ratios  for  gametocytes  with  species  ratios  for 
sporozoites . 

PROGRESS :  Much  of  the  year  was  spent  in  a  search  for  a 

suitable  study  site  which  had  hype rendem ic  malaria 
transmission.  Villages  in  Chumporn,  Ranong,  Pak  Chong,  Tak, 
Pefchabun,  Trad,  and  Qiantaburi  were  examined.  in  May,  a 
village  in  Chanfaburi  was  found  that  possessed  all  the 
attributes  needed  to  support  this  investigation.  The  study 
sire  selected  was  Village  7,  Baan  Phluang,  Anplioe  Makaarn , 
Chanfaburi  Province.  Starring  in  June,  monthly  blood  smears 
were  taken  f ton  a  population  of  200  people.  The  monthly 
prevalence  of  malaria  ranged  f ran  fifteen  to  torry-five 
percent  depending  on  the  transmission  season,  which  in  this 
village  appears  to  be  different  frcm  rhe  predicted  season. 
Mosquito  collections  showed  rhe  three  major  vectors, 

Anopheles  di rus ,  macular  us  ,  and  minimus  ,  to  be  present  In  the 
village.  Several  mosquiro  species  have  been  found  to  carry 
oocysts,  but  only  An .  dims  has  been  found  with  infected 
salivary  glands.  The  sporozoites  were  identified  as  P. 
t  alc  1  pa  run  by  the  IFA  test . 

FUTURE  OBJECTIVES:  This  study  will  continue  for  at  least  a 

year.  The  ELISA  rest  for  sporozoite  identification  will  be 
evaluated  in  this  village.  Larval  breeding  areas  will  be 
determined,  mapped,  and  correlated  with  habitat 
characteristics . 


1 5 .  Ec t opa  ras i re  and  Rickettsia  rsuf  sugamush i 
Studies  in  Thailand 


PROBLEM:  The  objectives  are  to  establish  and  describe 

ectoparasites  that  are  or  are  pofenri.il  vecrors  of  human 
parasites  or  pathogens  of  human  disease  in  Thailand,  and  to 
delineare  the  distribution  of  natural  populations  of  iarral 
mites  infected  with  Rickettsia  tsutsugamushl  in  Thailand. 

PROGRESS:  A  checklist  of  rhe  ticks  occuring  in  Thailand  has 

been  revised  and  published  (1).  The  Genus  Ml yar  rcmbicula  was 
redefined  and  a  new  species  was  described.  This  paper  is 
currently  in  press  ( 2 1 .  Illustrations  of  new  species  of  the 
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Cenus  Lgpf cr  rqabldliw  have  been  prepared  and  a  manuscript  Is 
in  preparation.  Collections  of  potentially  infected  chiggers 
were  conducted  at  Khao  Yai,  Salta  rat,  and  Pak  Thong  Chi.  The 
chiggers  were  sent  to  U3AMRU  in  Malaysia  for  possible 
colonization  and  determination  of  lnfectivity  status. 

FTJTU  RE  OBJECTIVES :  Because  several  new  species  of 

Lcp»  ot  rambid  tin  have  been  discovered  and  were  found  to  carry 
g .  r  sut  sugsmushl  ,  a  collaborative  study  with  the  USAMRU  Lab 
in  Kuala  Limpur  is  being  planned.  This  study  would  detemlne 
the  role  rhese  new  species  play  In  the  t ransm issi on  of  scrub 
typhus.  Chroaosoae  studies  of  L.  dellensls  also  are  proposed 
to  determine  if  this  species  occurs  In  Thailand  or  if  it  is  a 
slb.lr.g  species  and  possibly  not  important  in  disease 
transmission. 

REFERENCES: 

1.  Tanskui,  P. ,  Stark,  H. ,  and  Inlan,  1.  19R3.  A  checklist 

of  tickr  of  Thailand  (Acari:  Met  astigmata  :  Ixodoidea ) ,  J. 
fled  .  Enf.taol.  20:  330—34 1 . 

2.  Tanskul,  P.  and  Xadchafraia,  M.  1983.  Notes  on  the  Genus 
Mlyat  r  i;blcula  (Acari:  Prosf  1  fjjsaf a  :  Trosblculldae) ,  with 
description  of  a  new  species  f  ran  Thailand.  J.  Med.  Rnttnol  • 

20(A)'  —  . 


I  o  ,  Se  rnsu  rvey  and  VI  rus  1  so  I  a  1 1  on  f  nm 
R  od  e  n  t  a  to  lie  f  ermine  t  ho  Hant  aun  V 1  rus 
P  rescncc  1 n  Mia  1 1  and 

PROBLEM :  Recent  studies  have  found  Hantaan  virus  to  be  the 

causative  agent  uf  Korean  lien  o  r  rhag  1  c  lever  (KHK),  a  disease 
syndrome  of  significance  In  Korea  and  Manchuria  and  of 
potential  s 1 1 1 t a ry  significance  In  the  USSR,  the  Balkans, 
parts  of  Western  Europe  and  Scandinavia.  Evidence  has 
recently  been  obtained  in  Seoul,  Korea  runt  urban  Ra  t t  u  s  also 
are  chronically  infected  with  Hantaan  virus.  Cases  of  K1IE  in 
man  have  now  been  linked  to  infected  wild  rats  In  urban  Seoul 
and  Osaka,  Japan.  In  addition,  antibodies  to  Hantaan  virus 
have  been  found  In  Rartus  captured  near  the  docks  In  Japan, 
Korea  and  the  United  States.  Chronic  Infection,  ruts  and 
International  shipping  thus  provide  a  likely  chain  which  may 
have  disseminated  this  virus  worldwide.  Tlius  the  potential 
for  this  agent  to  cause  human  disease  say  be*  far  greater  and 
more  widespread  than  Is  presently  appreciated.  List  year  we 
reported  that  rodents  trapped  at  Klong  Toey  port  in  Bangkok 
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bad  antibody  to  Hantaan  virus.  In  this  preliminary  study, 
app  roximafel  y  202  of  Hie  bandicoots  (B.  lndicua)  tested  had 
ancibody  titers  to  Hantaan.  Natural  infection  with  lUnCaan 
virus  has  not  been  previously  reported  in  this  rodent 
species . 

OHJKCTIVKS: 


1.  To  IJentify  areas  in  Thailand  vfiere  rodenrs  have  antibody 
for  Hantaan  virus. 

2.  To  test  lunan  sera  iron  areas  with  rodent  infection  to 
determine  if  there  Is  serological  evidence  of  husan 

infection. 

3.  To  isolate  Hantaan  virus  from  tissues  of  rodents  In 
endemic  ares*. 

i’KOO  KI.SS :  Kodent  t  rapping  Mas  been  completed  at  Wong  Toey 
(  Bangkok  Wirt,  Srlrscha,  and  fctngpskong  port*.  Of  235  rats 
(H.  rat  r  us  and  K.  no  rwcgi  cus )  trapped  in  these  locations, 
10(4.)/.)  has  positive  antibody  t  i  t  e  rs  >  1:32.  However,  8/45 
(17.82)  bandicoots,  ( Hand  1  c  n»  a  IndicusT  that  were  trapped  in 
Bangkok  had  titers  >  i:  )i .  A~t  rapping  of  bandicoots  rear 
Kane  buna  burl  resulted  In  4/2 1  (28.02 )  with  titers  >_  1:32.  In 
addition,  10  residents  living  in  the  immediate  area  of  the 
trapping  were  tested  and  10/  3'H  33. 3« )  bad  titers  _>  1:32. 

FVTUKF  QIUI.CTIVKS: 

1.  Tissue  samples  (iun>>,  spleen,  kid.iey,  urine)  f ros 
bandicoots  will  be  tested  for  virus  ,tnf  (,;on»  by  FA  and  virus 
Isolation  attempt  will  be  sade  , 

2.  A  group  ot  35  *e  run  samples  f  ros  residents  at  fh* 
Flung  Toev  trapping  site  v*io  frequently  trap  and  **jt 
bandicoots  will  be  tested  for  Hantaan  antibody, 

).  A  study  of  the  resident*  in  Kuichanu bu ri  Is  planned 
to  determine  11  there  is  evidence  oi  a  Kill  like  illness  in 
those  people  with  serologic  evidence  of  Hantaan  or 
tl.jnr.tan-i  Ike  virus  infection. 
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23.  (U)  Conduct  liosystemati z  research  of  important  arthropod  groups  in  support  of  pi- 
demiological  studies  and  disease  control  strategies  of  importance  to  the  military,  dis¬ 
ease  vector  groups  current I>  under  investigation  are  (1)  Anopheles  of  Orient  and  Mi  'die 
East  (malaria,  ( 2 ",  Culex  Culex)  of  Middle  East  'arboviruses  and  filariasis),  (3)  Aries 
(Stegomvia)  Afrotroo’cal  Region  (arboviruses  )  and  .4)  Trichoprosopon  of  the  Neotropics 
(arboviruses , .  3uiid  a  computer  data  base  from  over  1,000,000  mosquito  specimens  and 
collection  records  m  the  Smithsonian  Institution. 

2A.  :.U)  Comparative  morphological  scudv  of  medicallv  important  nosnuito  groups  in 


regions  or  military  mtert 


with  biological 


:  lectrophoretic  and  cross¬ 


mating  studies  of  vector  populations,  and  correlation  of  all  data  to  provide  (1)  de¬ 
scriptions  and  illustrations  of  species,  '1;  development  of  effective  identification 
keys,  and  (3)  information  about  medical  importance  of  the  species.  File  biological  dat. 
for  museum  mosquito  specimens  in  SELCEM  computer  program  to  facilitate  biosvstemati c 
research  and  to  understand  vector  behavioral  ratteens. 


23.  (U)  32  10  -  83  03 


liras  Complex  in  the  Southeast  Asian  Leucosphyrus  Group  new 


known  to  consist  of  7  confirmed  species.  Anopheles  maculattis  found  to  consist  of  4- S 
cytogenetic  species  in  Southeast  Asia.  A  re w  -;pe  ;ies  .u"  Culex  was  found  in  Israel  and 
a  new  species  of  Anopheles  was  collected  in  Egypt.  Nine  new  species  now  recognized  in 
Afrotropical  Aedes  (Stegomvia),  and  3  new  species  are  recognized  in  the  Neotropical 
Trichoprosopon.  Incorporated  4343  collection  for~s  and  the  data  for  116,638  specimens 
into  the  computer  data  base.  For  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Frogress  Report  1  let  32  -  30  Sept  83. 
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Problem 


Epidemiological  studies  and  disease  control  strategies 
involving  arthropod-borne  pathogens  are  dependent  upon  biosystem- 
atlc  research  support  to  provide  accurate  ldent i f icat Ions  of 
arthropod  vectors  and  reservoirs.  The  objectives  of  biosystematic 
research  of  medically  important  arthropod  groups  are  (1)  to  resolve 
systematic  problems  by  identifying  all  of  the  species  in  these 
groups,  (2)  to.  describe  and  Illustrate  all  the  species  in  these 
groups,  (3)  to  develop  effective  keys  for  Identifying  all  of  the 
species  under  study  in  their  4  primary  life  stages,  (A)  to  analyze 
biological  and  ecological  data  useful  In  understanding  the  epi¬ 
demiology  of  diseases  and  In  the  control  of  vector  species,  (5)  to 
provide  data  concerning  the  medical  importance  of  each  species 
under  study,  and  (f>)  to  train  personnel  In  field  and  laboratory 
techniques  and  in  systematic  research  methods.  All  current 
research  efforts  are  focused  on  mosquito  vectors  groups  known  to  be 
significantly  involved  In  the  transmission  of  human  pathogens:  (1) 
malaria  vector-groups  of  the  Oriental  Region  [Leucosphyrus  and 
Maculatus  Groups  of  Anopheles  (Cellla)],  and  of  northern  Africa  and 
southwest  Asia  (genus  Anopheles),  (2)  arbovirus  ar.d  filaria  vectors 
of  northern  Africa  and  southwest  Asia  [ Cu  lex  ( Cu  lex )  ] ,  and  of  the 
Ethiopian  Region  (Aedes  (Stegomy la )  ]  ,  and  (3)  arbovirus  vectors  of 
the  Neotropical  Region  (genus  T  rlchoprosopon) .  An  effort  accom¬ 
panying  these  studies,  Is  the  development  of  a  computer  based 
master  file  of  detailed  systematic  and  ecologic  data  for  the  one 
million  plus  mosquito  specimens  and  their  collection  records  in  the 
National  Museum  of  Natural  History.  This  effort  is  directed  at 
providing  easily  accessible  and  coordinated  ecological,  distri¬ 
butional  and  taxonomic  data  to  military,  public  health  and  other 
scientific  and  environmental  personnel  or  organizations  for  use  in 
epidemiological  or  vector  control  schemes. 

Progress 

Considerable  progress  was  made  during  the  year  on  a  revision 
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of  the  Leucosphyrus  Croup  of  Anopheles  (Cellia).  This  study,  a 
collaborative  effort  involving  researchers  at  the  AFRIMS  Laboratory 
and  at  Mahidol  University  in  Bangkok,  Thailand,  has  intensified 
over  the  last  year  and  has  shown  that  the  species  originally  called 
balabacensis  balabacensis  in  mainland  countries  and  Taiwan  in  the 
Orient  actually  represents  at  least  7  sibling  species  in  the  Dirus 
Complex  (dirus  A,  B,  C,  D,  E,  Con  Son  Form  and  takasagoens i s ) .  The 
separate  species  status  of  C,  D  and  F,  was  only  suspected  until  this 
year,  when  cross-mating  and  cytogenetic  studies  in  Bangkok  revealed 
hybrid  sterility  in  crosses  and  distinctive  heterochromatin  and 
polytene  banding  patterns  on  the  chromosomes.  Of  the  7  sibling 
members  in  this  complex,  dirus  A,  B,  C  and  D  are  all  found  in 
Thailand  where  it  is  not  uncommon  to  find  2-3  species  together. 

The  epidemiological  implications  of  these  findings  for  malaria 
transmission  may  be  far  reaching  and  other  studies  are  in  progress 
to  determine  the  impact  of  sibling  species  differences  on  human 
malaria  transmission  in  Thailand.  The  Dirus  Complex,  when  combined 
with  the  Balabacensis  Complex,  i.e.,  balabacensis,  baisasl  and 
introlatus ,  forms  an  assemblage  of  10  valid  species  from  what  was 
considered  one  species  with  2  subspecies  and  one  form  ( ba labacensis 
and  subspecies  ba i sas 1  and  Introlatus  ,  and  the  Frasers  Hill  form) 
only  6  years  ago.  This  example  of  sibling  speciation  is  already 
larger  than  the  very  popular  Gambiae  Complex  in  Africa,  and  is 
approaching  the  size  of  the  famous  Maculipennis  Complex  in  the 
Palearctic  Region.  Sibling  species  in  Anopheles  have  been  detected 
at  an  ever  increasing  rate  over  the  last  10  years  by  the  use  of 
rapid  biochemical  and  cytogenetic  techniques.  However,  the 
discovery  of  the  Dirus  Complex  Is  unique  in  that  all  of  the  species 
in  the  complex  were  Initially  separated  and  recognized  by  modern 
morphological  studies  at  the  Walter  Reed  B i osy s t ema t i cs  Unit 
(WRBU),  and  then  were  confirmed  as  distinct  species  by  biochemical, 
cytogenetic  or  crossing  studies  at  a  later  time.  Anopheles  dirus 
C,  a  species  currently  known  only  from  Thailand,  probably  has  the 
best  morphological  characters  for  species  separation.  This  species 
is  easily  recognized  in  the  adult,  pupal  and  larval  stages,  and  a 
manuscript  naming  and  describing  this  species  is  nearing 
completion.  A  manuscript  naming  and  describing  dirus  D  is  also 
nearly  finished.  During  this  period  the  larval  and  pupal  stages  of 
Anopheles  elegans  ,  another  member  of  the  Leucosphyrus  Group,  were 
described  and  illustrated  and  the  paper  is  currently  in  press. 

I nt raspec i f ic  variation  was  also  detected  in  the  amounts  and 
position  of  he t e rochroraa t in  bands  in  the  mitotic  chromosomes  of 
dirus  A  in  Thailand,  and  this  paper  is  in  press. 

Collaborative  efforts  with  AFRIMS  and  Mahidol  personnel  in 
Bangkok,  Thailand,  have  also  established  that  the  Southeast  Asian 
taxon,  Anopheles  maculatus,  is  actually  a  sibling  complex  of  4-5 
cytogenetic  species.  These  findings,  based  on  2  separate  studies 
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utilizing  polytenu  chromosome  bunding  patterns  nd  heterochromat in 
handing  patterns  on  mitotic  chromosomes,  have  b>  ?n  combined  into  a 
single  dfinitlve  paper,  which  is  currently  in  p-.ss.  One  col¬ 
laborating  scientist  at  AFRIMS  has  also  discovert1,  good  adult  and 
egg  morphological  characters  to  recognize  one  of  tie  new  species  in 
Thailand  and  these  characters  are  being  checked  at  the  WRBU  on 
specimens  in  the  National  Museum  of  Natural  Histor  .  These 
findings  offer  an  explanation  for  the  long  standin  puzzle  of  why 
maculatus  in  Malaysia  is  such  an  effective  vector  >f  human  malaria 
paasites,  but  a  poor  or  non-vector  In  other  mainl  nd  Asian 
countries.  In  fact,  one  of  the  sibling  species  in  Thailand  is 
identical  to  Malaysian  maculatus,  and  this  species  is  most  abundant 
in  southern  Thailand  where  Plasmodium  parasites  ha ’e  been  reported 
from  "maculatus.” 

The  study  and  examination  of  Anopheles  specin  ns  from  northern 
Africa  and  southwest  Asia  continued,  but  is  still  tampered  by 
insufficient  specimens.  A  collecting  trip  to  Egy) l  and  Israel  (see 
below)  provided  531  urgently  needed  adults  of  8  Atrpheles  species, 
most  with  associated  immature  skins.  Included  In  these  were  65 
specimens  of  a  new  species  from  Egypt.  Some  of  ti.  ie  specimens 
will  be  used  as  the  type-series  in  a  forthcoming  de  cription  of  the 
species  by  collaborating  Egyptian  researchers  at  Ai  Shams 
Uni  vers i t y  in  Ca i ro. 

Excellent  progress  was  made  during  the  year  ci  the  revision  of 
the  Culex  (Culex)  of  northern  Africa  and  Southwest  Asia.  Of  the  21 
species  Involved  In  this  study,  several  thousand  ai  ilts  of  9 
species  (most  with  associated  Immature  skins)  were  ollected  during 
the  highlv  successful  collection  trip  to  Egypt  and  .srael.  These 
specimens,  particularly  the  Immature  stages,  were  urgently  needed 
so  that  illustrations,  setal  counts,  descriptions  and  keys  could  be 
prepared.  To  date,  the  adult  descriptions,  pupal  chaetotaxy  charts 
and  pupal  illustrations  have  been  completed  for  If  species. 
Specimens  were  reared  from  a  collection  in  Rosettt  (Rashid),  Egypt, 
that  will  be  used  In  designating  a  Neotype  for  Culix  molestus ,  a 
controversial  variant  of  the  filarial  and  arbovirus  vector,  Cule_x_ 
pipiens.  A  large  number  of  Culex  pipiens  and  Culex  torrentlum  were 
reared  with  associated  skins  from  2  collections  macii  in  Sweden. 
These  specimens  will  help  resolve  Identification  problems  with 
these  2  species  in  Europe,  and  provide  a  type-series  for  a  forth¬ 
coming  Neotype  designation  of  Culex  pipiens.  A  new  species  of 
Culex  (Neoctilex)  was  found  In  specimens  preserved  at  Ben  Gurion 
University,  Beer  Shev.n,  Israel,  and  a  manuscript  coauthored  by  an 
Israeli  collaborator  Is  in  preparation  During  the  year  an  excep¬ 
tionally  good  preservation  method  for  adults,  i.e.,  freeze-drying, 
was  described  and  published.  A  number  of  very  valuable  taxonomic 
notes  were  published  in  a  paper  about  Culex  (Culex)  types  that  were 
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examined  in  several  European  museums.  Live  specimens  of  Culex 
perexiguus  from  Egypt  were  shipped  to  a  collaborator  In  South 
Africa  for  crossing  experiments  to  determine  if  this  species  is 
conspecific  with  the  arbovirus  vector  Culex  univittatus. 

Taxonomic  efforts  focused  on  the  African  Aedes  (Stegomyia) 
arbovirus  vectors  were  greatly  enhanced  by  additional  specimens 
collected  in  or  received  from  Cameroon,  Kenya,  and  South  Africa. 

Nine  new  species  are  currently  recognized  In  the  important 
Africanus,  Simpsoni,  Poweri  and  Pseudoni geria  Subgroups  of  Aedes 
(Stegomyia).  These  new  species  plus  the  recently  elevated  species, 
lilii  and  bromeliae,  will  force  drastic  changes  in  the  names  of 
species  that  have  been  implicated  and  published  in  the  past  as 
arbovirus  vectors  in  Africa.  Examples  of  changes  are:  (1)  the 
species  previously  called  simpsoni  In  Uganda  that  bites  man  and  was 
incriminated  as  an  enzootic  Yellow  Fever  vector  in  primates,  is 
actually  bromelia_e_,  and  the  non-human  biting  species  called 
simpsoni  in  Uganda  is  probably  lil_i_l_.  Aedes  si mpsonl  is  now  known 
to  be  restricted  to  the  Transvaal  region  of  South  Africa  and  to 
southern  Zimbabwe;  and  (2)  the  species  previously  called  at ricanus 
In  eastern  Africa  and  incriminated  as  a  primary  vector  of  Yellow 
Fever  during  large  human  epidemics  in  Ethiopia,  is  actually  a  new 
species,  while  true  africanus^  is  restricted  to  western  Africa. 

This  knowledge  has  become  evident  only  because  of  several  success¬ 
ful  collecting  trips  to  various  countries  in  Africa  over  the  last  4 
years.  Additional  trips  are  planned  to  other  critical  areas  in 
Africa.  One  major  benefit  of  these  trips  is  the  close  professional 
working  relations  that  have  been  established  with  French  researchers 
in  ORSTOM  institutes,  several  South  African  researchers  and  with 
personnel  of  the  Division  of  Vector-Borne  Diseases,  Nairobi,  Kenya. 

Research  of  the  Neotropical  mosquito  genus,  Tri choprosopon, 
has  proceeded  at  a  very  good  rate.  Currently,  descriptions  have 
been  completed  for  the  larvae,  pupae  and  male  genitalia  of  all  22 
species.  In  addition  the  descriptions  for  the  adults  are  complete 
for  over  half  of  these  species,  including  the  8  new  species  found 
to  date.  Most  of  the  required  illustrations  are  in  the  correction 
phase,  with  only  a  few  originals  needed.  Keys  have  been  completed 
for  larvae,  pupae,  adults  and  genitalia  of  all  species.  During  the 
year  a  paper  outlining  the  biology  and  medical  significance  of 
Tri choprosopon  digitatum  was  published.  In  addition,  2  new  species 
of  Wyeomyia  were  discovered  in  Venezuela  and  are  being  described. 
Also,  a  new  genus  is  being  described  for  2  species  previously 
assigned  to  Toporayia^  in  Southeast  Asia. 

All  of  the  specimens  of  African  Aedes  (Neome lan i con ion )  on 
hand  at  the  National  Museum  of  Natural  history  were  sorted  in 
preparation  for  a  future  revisionary  study.  At  least  one  species 
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of  this  group  of  Aedes  was  recently  incriminated  in  the  trans- 
ovarial  transmission  of  Rift  Valley  Fever  (RVF)  virus  in  Kenya. 

A  total  of  278  man-days  involving  3  professionals  and  2 
technicians  were  devoted  to  4  major  field  trips  during  the  year: 
Egypt-lsrael  68  days,  Cameroon  and  Kenya  90  days,  Peru  45  days  and 
the  last  7  days  of  the  fiscal  year  in  a  trip  to  Senegal.  The  laet 
trip  will  be  covered  in  next  year'a  annual  report.  The  other  3 
fips  were  highly  productive,  collecting  over  6,702  urgently  needed 
adults  with  over  11,913  associated  immature  skins  and  larvae  from 
areas  of  critical  importance  to  ongoing  studies.  Very  little 
material  exists  in  U.S.  or  international  repositories  from  these 
areas,  and  the  ongoing  studies  would  have  been  cursory  at  best 
without  these  and  additional  future  trips.  Whilu  in  these  countries 
intensive  searches  were  made  for  collections  of  specimens  in 
previously  unknown  repositories,  these  searches  were  very  success¬ 
ful  and  hundreds  of  valuable  specimens  were  located  and  examined, 
including  previously  lost|  type-series  of  several  species.  In 
addition  to  specimens,  these  trips  were  very  important  politically 
for  the  WRBU.  On  site  training  courses  were  provided  for  the  local 
personnel  ard  long  term  collaborative  arrangements  were  established 
with  professional  researdhers  in  Egypt,  Israel  and  Kenya  that 
should  allow  continued  Joint  productive  efforts  in  these  countries 
in  the  future. 

A  total  of  25,696  specimens  were  received  by  the  unit  as 
gifts,  transfers,  loans,  etc.,  for  deposition  in  the  National 
Museum  of  Natural  History,  or  for  use  in  ongoing  studies  and  then 
return  to  the  loaning  Institution.  Outgoing  loans,  exchanges, 
gifts,-  only  involved  364  specimens.  A  total  of  202  specimens  were 
identified  as  a  service  to  the  USCA  Systematic  Entomology 
Laboratory.  Several  hundred  Anopheles  (Nyssorhynchus )  specimens 
from  the  eastern  slopes  of  the  Andes  in  South  America  were  identi¬ 
fied  for  public  health  organizations  in  Colombia  and  Peru.  In 
addition,  several  unit  personnel  visited  Mt.  Gretna,  PA,  and  made 
collections  of  Anopheles  to  help  resolve  the  identity  of  a  species 
originally  described  from  this  site. 

The  computer  data  base  increased  by  4,543  collection 
records  and  116,698  specimens  during  the  year.  These  entries 
brought  the  geographic  file  for  Mexico  and  Central  America  up  to 
date,  and  completed  nearly  half  of  the  available  entries  for  the 
South  American  file.  Service  demands  for  information  about 
mosquitoes  and  the  production  of  maps  based  on  data  in  the  master 
file  increased  significantly  during  the  year.  Over  150  requests 
for  services  from  DOD  and  other  organizations  were  filled. 

Personnel  for  the  unit  were  also  heavily  involved  in  other 
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aspects  of  blosystemat Ic  and  medical  entomology  research.  (1)  One 
member  organized  a  symposium  on  "Mosquito  Biosy itemat ics”  at  the 
annual  meeting  of  the  American  Mosquito  Control  Association,  Lake 
Buena  Vista,  Florida.  (2)  One  meroN”.  was  appointed  to  a  National 
Research  Council  peer  review  panel  on  vector  control.  (3)  One 
member  chaired  a  meeting  involving  USDA,  DOD  and  Smithsonian 
scientists,  on  the  current  status  of  Biosystematics  of  Medically 
Important  Arthropods.  (A)  One  member  translated  several  publi¬ 
cations  of  importance  to  the  unit  from  Chinese  to  English,  while 
another  member  translated  several  Spanish  publications  to  English. 
(5)  The  professional  staff  reviewed  51  manuscripts  being  oubraittod 
for  publication  in  Internationally  recognized  periodicals,  and  13 
research  proposals  being  submitted  to  the  National  Research 
Council,  the  World  Health  Organization  (WHO),  the  U.S.  Agency  for 
International  Development  (USAID)  and  the  U.S.  Army  Medical 
Research  and  Development  Command. 

Dlf f lculties  Encountered 

One  problem  seriously  hampered  the  productivity  of  the  unit, 
and  will  seriously  impact  on  next  year's  productivity.  The 
scientific  illustrator's  slot  was  unoccupied  for  8  months  and  is 
still  unoccupied.  Efforts  to  offset  this  problem  included  a  short 
contract  for  Illustrations  and  close  coordination/contact  with  the 
civilian  personnel  office  in  trying  to  fill  the  position.  Despite 
these  actions,  a  number  of  manuscripts  were  and  still  are  being 
delayed  for  lack  of  Illustrations,  and  all  of  the  major  revisions 
are  being  hindered  because  of  this  problem. 

Future^  Plans 

Every  effort  will  be  made  to  eliminate  the  illustration 
problem.  Research  currently  in  progress  will  continue  and  efforts 
to  obtain  adequate  specimens  for  these  studies  are  expected  to 
result  In  at  least  3-4  collection  trips,  probably  to  Turkey  and/or 
Israel,  Ivory  Coast  and  Sierra  Leone,  Peru  and  Bolivia  (at  no  cost 
to  WRAIR).  Efforts  will  Intensify  to  develop  a  capability  to  iden¬ 
tify  specimens  of  the  Albimanus  Section  of  Anopheles  (Nyssorhynchus ) 
from  the  eastern  slopes  of  the  Andes  Mountains  in  South  America. 

It  is  anticipated  that  these  last  efforts  will  be  assisted  by  a 
collaborative  research  effort  with  CENETROP  in  Bolivia.  Ongoing 
collaborative  effort?  with  Egypt  and  Israel,  the  WRAIR  overseas 
laboratories  and  the  Navy  overseas  laboratories  will  continue.  In 
addition,  it  is  anticipated  that  taxonomic  assistance  will  be 
provided  to  a  malaria  research  effort  being  started  in  Papua. 

Sorting  and  work  will  proceed  as  specimens  become  available  on  the 
Aedes  (Neomelanlcoolon)  species  found  in  "Dambos"  in  Africa. 
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23.  (U)  The  obj  ectl*e  la  development,  production,  and  assay  of  Uve-actenuated  vaccines 
against  classical  strains  of  dengue  viruses.  The  major  types  (1,2,3,  and  4)  of  this 
virus  are  endetaic  throughout  populated  areas  of  the  world,  and  although  mortality  r>-  es 
are  low,  the  incapacitation  effected  by  these  viruses  and  their  associated  sequelae 
could  have  serious  impact  on  military  time  cables  and  troop  nobility. 

2 4.  (U)  Selected  strains  of  dengue  viruses  are  subjected  to  multiple  passages  and  fre¬ 
quent  cloning  in  tissue  culture  systems,  to  produce  pure  progeny  characterized  by  re¬ 
duced  virulence  and  adequate  antigenicity,  that  will  serve  as  candidate  vaccine  seed 
viruses. 

25.  (U)  32  10  -  83  19  1.  Several  temperature  sensitive  clones  of  dengue-3  virus,  pass-j 

aged  and  cloned  in  C6/36  mosquito  cells  followed  by  vaccine  production  in  monkey  di¬ 
ploid  cells,  were  famunogenic  in  rhesus  monkeys.  All  the  clones  produced  a  diminished 
vireoia  compared  to  the  parent  virus  but  only  one  clone,  designated  24/28,  was  pheno- 
typlcally  stable  after  monkey  passage.  A  lot  of  vaccine  has  been  produced  for  clone 
24/28  and  further  aonfcey  testing  will  follow  2.  Vaccines  cannot  be  made  using  C6/36 
mosquito  ceils  as  tie  substrate  because  of  allergenic  proteins  contained  in  tne  super* 
natant  fluids  of  these  cultures.  Other  mosquito  cell  lines  including  three  lines  from 
Toxorhyr.chites  arabainensls  mosquitoes  were  also  found  to  contain  allergenic  proteins 
that  were  reactive  when  inoculated  into  monkeys  intraderaal ly .  These  findings  lndlcatec 
a  high "degree  of  cross-reactivity  associated  with  the  allergenic  components  of  these 
cultures.  3.  Enhancing  antibodies  were  found  in  sera  from  human  volunteers  with  yellow 
fever  vaccination.  An  In  vitro  system  employing  elutriated  monocytes  as  the  target 
cells  was  sensitive  for  detecting  low  levels  of  these  antibodies  which  enhanced  dengue- 
2  virus  Infection.  Further  studies  will  correlate  titer  of  enhancing  antibodies  in 
these  individuals  with  response  to  dengue-2  vaccine.  For  technical  report  see  Wa3 • or 
Reed  Array  Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  3C  Sep  S3. 
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PROJECT  3M162770A8/ 0  PREVENTION  OF  MILITARY  DISEASE  HAZARDS 


WORK  UNIT  043  CHARACTERISTICS  OF  ATTENUATED  DENGUE  VIRUSES 

Investigators : 

Principal:  Kenneth  H.  Eckels,  Ph.D. 

Associates:  Dnria  R.  Dubois 

Venton  R.  Harrison 
Peter  L.  Summers 

Problems  and  Objectives 


The  project  involves  the  development,  production,  and  assay 
of  live-attenuated  vaccines  against  various  strains  of  dengue 
viruses.  Dengue  isolates  are  selected  from  suitable  sources  and 
subjected  to  multiple  passage  and  frequent  cloning  in  cell  culture 
systems.  Pure  clones  of  virus  are  screened  for  various  markers  of 
attenuation,  including  temperature  sensitivity,  small  plaque  size, 
lowered  intracerebral  virulence  in  mice  and  reduced  peripheral 
virulence  in  monkeys.  If  the  selected  clones  are  also  immunogenic 
in  monkeys,  they  will  serve  as  candidate  viruses  for  the  produc¬ 
tion  of  experimental  seed  and  vaccine  lots. 

Progress 

Four  dengue-3  (DEN- 3)  temperature  sensitive  virus  clones  were 
isolated  in  C6/3 6  cell  culture  with  a  final  passage  in  FRhL  diploid 
cells.  The  four  clones,  when  inoculated  in  rhesus  monkeys,  had 
reduced  virulence  compared  to  the  parent  DEN-3  virus.  All  of  the 
clones  Infected  monkevs  and  resulted  in  antibody  formation  that 
protected  the  monkeys  against  challenge  with  the  parent  virus. 

Only  one  of  the  clones  (24/28)  was  completely  stable  in  monkeys 
when  viremla  isolates  were  studied  for  loss  of  temperature  sensi¬ 
tivity  and  plaque  size  phenotypes.  A  production  seed  for  clone 
24/28  was  prepared  in  C6/36  cells  and  freeze-dried.  The  production 
seed  was  used  to  make  the  first  lot  of  vaccine  for  candidate  clone 
24/28  in  FRhL  cells  which  will  be  tested  in  the  next  fiscal  year. 

It  was  previously  demonstrated  that  a  C6/36  sham  vaccine  using 
uninfected  cell  culture  fluids  caused  immediate  hypersensitivity 
reactions  in  humans  and  monkeys  (AR  1982,  Scott  et  al.,  1983). 

Other  mosquito  cell  lines  including  three  derived  from  Toxorynchites 
ambolnensis  tissues  (TA-9,  TA-42,  and  TRA-284)  were  usecT~to  prepare 
sham  vaccines.  All  of  these  mosquito  cell  lines  were  reactive  in 
monkeys  by  direct  Intradermal  inoculation.  This  indicated  chat 
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the  allergenic  protein  In  these  prepara  ions  was  similar  to 
that  found  for  C6/36  cells  and  may  be  1 ghly  cross-reactive  with 
cytophilic  antibodies  that  are  common  i  monkeys  and  humans. 

Due  to  higher  infection  rates  and  igher  titers  of  DEN-2  anti¬ 
bodies  in  yellow  fever-immune  recipient  of  the  DEN-2/S-1  vaccine, 
a  screen  of  pre-vaccine  sera  was  initit  ed  to  detect  the  presence 
of  enhancing  antibodies  for  DEN-2  viru£  A  group  of  volunteers 
involved  in  a  vaccine  efficacy  trial  at  Fort  Bragg  were  studied 
and  their  pre-vaccine  sera  U3ed  in  an  t  say  incorporating  elutriated 
human  monocytes  as  the  target  cells.  1-eliminary  results  indicated 
that  the  elutriated  (fresh)  monocytes  '  *re  superior  to  a  lymphocyte 
line  (U-937)  that  was  used  previously  3  detect  enhancing  antibody 
and  that  low  levels  of  these  antibodie  were  found  in  the  yellow-fever 
immune  subjects.  Correlation  with  pre  jnd  post-vaccine  antibody 
titers  and  clinical  symptoeiatology  wil  be  addressed  after  all 
data  is  collected. 

Various  stabilizers  were  evaluate  for  maintenance  of  the 
infectivity  of  DEN-2  and  DEN-3  prepara  ions.  Previously,  human 
serum  albumin  (HSA)  was  the  sole  stabi  izer  for  the  DEN-2/S-1 
vaccine  and  was  adequate  for  maintain!  )g  infectivity  levels  over 
freezing,  drying,  and  storage  of  the  ^iccine  up  to  6  years.  The 
DEN-3  vaccine  clone  24/28  and  other  DM-3  seeds  suffer  a  loss 
of  infectivity  if  HSA  alone  is  used  a;  a  stabilizer.  Combina¬ 
tions  of  HSA  with  various  sugars  including  maltose  and  lactose 
indicate  that  the  c-ugar-HSA  corabinati'ti  is  far  superior  than 
HSA  alone.  Gelatin  as  a  substitute  fr  HSA  has  also  shown  promise 
whrn  it  is  used  in  combination  with  1  ctose  as  a  stabilizer. 

Seeds  for  DEN-2  and  DEN-4  viruse-  that  are  suitable  as  human 
"challenge”  viruses  were  tested  for  sifety  and  freedom  from 
adventitious  agents.  The  testing  was  >erformed  under  contract 
by  the  University  of  Hawaii  School  of  iedicine.  All  tests  indi¬ 
cated  that  the  seeds  were  safe  for  uf  by  criteria  established 
for  live  vaccines. 

Recommendat ions 


A  DEN-4  vaccine  (H-241  PDK35  FD3  FRhl-3)  tested  in  5  human 
volunteers  has  been  discontinued.  Caribbean  DEN-4  isolates  as 
well  as  viremic  blood  samples  ta'-’^n  from  a  recipient  of  the 
DEN-4  H-241  vaccine  will  be  used  as  starting  seeds  for  the  devel 
opment  of  new  DEN-4  vaccines.  ’his  work  is  currently  under 
contract  to  the  University  of  Hawaii  School  of  Medicine  with 
collaboration  by  this  laboratory. 
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A  DEN-3  vaccine  candidate  (clone  24/28)  will  be  further 
evaluated  In  cross-challenge  experiments  In  monkeys  using 
various  strains  of  DEN-3  viruses.  Protection  and  the  stimu¬ 
lation  of  neutralizing  antibodies  will  be  evaluated  prior  to 
the  next  phase  of  testing  which  will  be  neurovirulence  teats 
of  the  vaccine  clone. 

A  DEN-1  vaccine  (45AZ5)  which  has  undergone  safety 
testing  will  be  tested  on  a  small  scale  in  human  subjects. 
This  laboratory  will  collaborate  on  the  virological  studies 
of  the  vaccine  during  the  human  testing. 
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23.  (U)  DeveloD  experimental  rickettsial  Immunogens ;  define  the  pathology  of  rickett 
sial  infections  in  laboratory  animals  to  include  subhuman  primates;  determine  the 
sequence  of  events  leading  to  immunity  following  vaccination  or  infection.  These  stud  e: 
are  aimed  at  development  of  vaccines  that  will  protect  deployed  military  troops,  and 
development  of  Immunoassays  to  evaluate  the  extent  of  immunity  induced  by  vaccination. 

24.  ( U )  Gamma  irradiation  of  rickettsiae  to  produce  attenuated  immunogens .  Evaluate 
tissue  culture-propagated  strains  for  use  as  immunogens  to  provide  protection  against 
scrub  typhus  infection.  Analyte  correlates  of  lymphocyte  recognition  to  determine  the 
adequacy  of  immune  response.  Correlation  of  subhuman  primate  response  to  that  seen  in 
the  murine  model.  Determine  the  genetic  basis  of  resistance  and  sensitivity  of  the 
mouse  model  to  scrub  typhus  infection. 

25.  (’J)  32  10  -  33  09  Comparative  studies  indicated  that  4  to  10  times  more  cell  cul- 
t  re  derived  rickettsiae  are  needed  to  give  the  same  level  of  protection  as  yolk  sac 
derived  organisms  under  the  same  conditions.  Lipovant  was  the  most  promising  adjuvant 
wien  humoral  and  lymphoprolif eracive  responses  were  quantitated  against  the  appropriafc 
controls.  The  T- lymphocyte  nature  of  gamma  interferon  production  to  R.  tsutsugamushi 
antigens  was  demonstrated  when  athymic  mices  failed  to  produce  gamma  interferon  while 
euthymic  controls  did  under  similar  treatment.  Initial  data  indicate  that  gamma  inter¬ 
feron  may  be  indicative  of  antigen  responsive  lymphocytes  circulating  in  immunised 
animals.  Immunological  evaluation  of  a  small  number  of  cynomo logus  monkeys  following 
Infection  with  Karp  strain  R.  tsutsugamushi  organisms  demonstrated  our  operational  capa¬ 
city  to  measure  humoral  reactivity  by  indirect  immunofluorescence  and  raiioimmunoasso  . 
Cellular  responses  were  followed  by  lymphocyte  proliferation  to  ric<ettsial  antigens  and 
iymphokine  (gamma  interferon)  production.  For  technical  report  see  Walter  Reed  Army 

.fcgAejUO,  APWal  Progress  Report  1  Oct  82  -  30  3cp  83. 
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Jerre 1  Is,  PhD.;  MAJ  Robert  M.  Rice,  V.C.;  OPT 
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Associates:  SP5  September  Rodden;  SPA  Miriam  R.  Pedersen; 

SPA  Stephan  platt;  SPA  Peter  Pond 

Problems  and  Objectives 


Investigations  have  been  aimed  at  the  production  of  safe  and 
useful  Immunogens  which  can  In  turn  he  used  to  develop  an  effica¬ 
cious  rickettsial  vaccine  to  protect  troops  in  areas  of  endemic 
disease.  One  earlv  aspect  of  the  work  has  been  to  define  the 
pathogenesis  of  rickettsial  disease  in  laboratory  animals  and  to 
determine  the  seauence  of  events  leading  to  immunity  following 
vaccination  or  Infection.  Since  1978,  the  immunogen  which  has 
received  the  greatest  attention  has  been  whole  rickettsiae  derived 
either  from  emhrvonated  volk  sacs  or  primarv  chick  embryo  tissue 
culture  cells  inactivated  hv  gamma  irradiation.  Methodologies  for 
studying  immune  mechanisms  developed  in  the  murine  model  have  been 
adapted  to  a  primate  model.  These  assays  for  both  humoral  -nd 
cell  mediated  immune  response  have  been  used  successfully  in 
following  Infections  and  will  he  critically  Important  in 
evaluating  the  efficacy  of  any  new  potential  vaccine.  The  most 
difficult  task  before  us  Is  to  chose  from  the  presently  available 
fo-  ms  of  rickettsial  immunogens  those  that  will  elicit  an  optimum 
protective  response.  At  present,  there  Is  an  absence  of  specific 
knowledge  as  to  the  immunodominant  components  that  elicit  this 
protection.  Dor  knowledge  of  cell  drcuitrv  and  Ivmohokine 
kinetics  is  ranidlv  expanding  and  been  highlv  productive.  We  are 
still  moving  to  the  nosition  where  we  ran  selectivelv  elicit  and 
clinically  exnloit  these  nhenomena  hv  correctlv  "chosing  and 
packaging"  the  components  of  the  scrub  vaccine. 

Progress 

Primarv  chick  emhrvo  cell  culture  derived  Rickettsia 
tsutsugamushi  was  partially  purified  hv  a  series  of  differential 
centrifugations.  Irradiated  with  300  Krads  gamma-irradiation  and 
stored  at  -70*0  until  used.  Characterization  of  individual  as 
well  as  pooled  lots  included  determination  of  relative  anti¬ 
genicity,  number  of  Intact  rickettsi •e,  and  mouse  protection  from 


v  able  homologus  challenge.  Data  showed  that  mice  could  be 
ptotected  by  the  gamma-irradiated  cell  culture  derived  vaccine. 
P'eviously  published  research  from  this  department  indicated  that 
i  vaccinations  of  1.0  X  10fe  yolk  sac  derived  rickettsiae  were 
netdea  to  protect  1UU%  of  mice.  Current  investigation  indicates 
t ha :  4  to  10  times  more  of  the  cell  culture  derived  rickettsiae 
are  needed  to  give  the  same  protection  under  the  same  condi- 
tictis.  Comparable  humoral  and  cell  mediated  immunity  were  induced 
with  the  tissue  culture  vaccine  when  compared  to  previously 
reported  work  with  gamma-1 rradiated  yolk  sac  vaccine.  No 
individual  met)  tod  ot  characterization  was  preferred.  All  three 
gave  pertinent  quantitative  and  qualtative  information  concerning 
the  individual  or  pooled  lots  of  produced  vaccine.  Of  the 
techniques  used,  the  RIA  was  the  most  sensitive  and  characterizes 
the  vaccine  according  to  its  antigencity.  Specific  activity  (SA, 
units  of  ant i gen i c i t y /rag  of  protein)  Is  a  measure  of  purity.  A  SA 
of  <5000  did  noc  protect  50%  of  the  mice  from  viable  challenge 
whereas  individual  or  pooled  lots  >5000  U/mg  did  protect  mice. 

A  dilution  of  a  pooled  tot  of  cell  culture  derived  vaccine 
which  gave  less  than  5o.;  protection  was  adjuvantized  with  Lipovant 
(L),  Complete  Freund's  Adjuvant  (CFA),  20 Z  yolk  sac  (YS),  Snyder's 
buffer  (3,  nonadjuvant i zed  vaccine),  or  Glucan  (G).  Humoral 
antibody  response,  cell  mediated  immunity,  and  protection  from 
homologus  challenge  were  all  potentiated  when  adjuvantized  vaccine 
was  given  intraperitoneal  ly .  G,  L,  YS,  and  CFA  gave  SU-100X 
protection  from  homologus  challenge  when  given  intrapertitoneally 
while  the  vaccine  alone  gave  less  Chan  50%  protection.  Humoral 
antibody  response  was  b  times  or  greater  than  that  for  the  vaccine 
alone  when  adjuvantized  with  G,  L,  or  CFA.  Lymphocyte 

proliferation  assays  were  dene  for  B,  L,  and  YS.  All  were 
positive  indicating  that  they  stimulated  the  cellular  component  of 
the  immune  system,  however  values  for  L  were  significantly  greater 
than  the  others.  Subcutaneous  vaccinations,  with  gamma  irradiated 
organisms;  however,  did  noc  drive  the  immune  response  or  protect 
mice  from  homologous  cha*'enge. 

Subcutaneous  inoculation  of  mice  with  viable  J<_. 
t su t sugamus h i :  results  i.i  the  development  of  a  long-lived  chronic 
infection.  In  unpublished  studies  Groves  and  Osterman 

demonstrated  that  mice  infected  In  this  manner  harbored  viable 
rickettsiae  tor  the  life  of  the  animal.  In  more  recent  studies 
infection  by  the  subcut:  neous  route  results  In  the  development  of 
both  humoral  and  cell-mediated  immunity.  In  many  infectious 
disease  models,  e.g.,  Brucella  infections  of  mice,  the  development 
of  chronic  infections  is  associated  with  an  immunosuppression 
which  may  temper  or  delay  the  immune  response  thus  allowing  some 
organisms  to  establish  the  chronic  Infection.  To  study  this  in 
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experimental  scrub  typhus,  mice  undergoing  the  development  of 
chronic  infection  with  various  strains  of  k_.  tsutsugamnshl ,  were 
evaluated  for  imiminocompeieuev .  At  various  times  after  infection 
lymphocyte  responses  to  T-  and  H-cel  1  mitogens  as  well  as  in  a 
mixed  lymphocyte  response  (Ml.W  )  were  monitored.  it  was  found  that 
at  U>  to  21  days  after  infection  these  i  n  vitro  responses  were 
significantly  lower  than  in  age  matched  controls.  It  was  also 
found  that  infected  animals  produced  depressed  responses  in  vi  -  o 
after  immunization  with  sheep  ervthrucytes  or  TNP-FicoiL  as 
measured  by  a  modification  of  the  Jerne  plague  assay.  Suppression 
of  proliferative  responses  in  vitro  could  be  reversed  by  depletion 
of  adherent  cells  or  by  the  audition  ,,i  i  ndomet  haci  ri  to  cultures 
thus  raising  the  possioilitv  >i  t  i»ros  tag  land  i  n  producing 
macrophage  as  the  effector  i  <■  I  1  in  i_n_  vitro  suppression. 
Examination  of  the  spleens  at  the  ('eight  .>  f  immunosuppression 
revealed  a  marked  sp Iennme.;a  I v  due  mostly  to  an  ini  lamiratory 
(peroxidase  positive!  m.u  roph.t,’ •  influx.  Interestingly, 

macrophages  isolated  from  the  sphe.ns  oi  infected  animals  appeared 
Co  be  activated  as  measured  by  tumor  re  i 1  -y to  lysis  and  cvtostasis 
as  well  as  by  antimicrobial  activity.  These  data  would  suggest 
that  macrophages  which  are  activated  during  the  process  of 
clearing  rhe  S<)  Infection  may  be  partially  responsible  tor  the 
observed  immunosuppression. 

It  has  been  previously  established  that  C3H/HeDub  mice 
immunized  s.c.  with  1000  of  K_.  tsutsugamushi  strain  till  11am 

produce  immune  (gamma'  interferon  (IFNI  after  administration  of 
homologous  antigen  in  vivo  or  in  vitro.  The  further  role  of  ylFN 
during  infection  has  been  investigated  and  salient  features  of  the 
research  are  provided: 

1.  A  role  for  immune  interferon  was  established  during 
active  rechallenge  of  immune  animais.  I FN  was  found  to  be 
produced  during  the  response  leading  to  rickettsial  clearance 
of  animals  challenged  both  i.v.  and  ip.  with  10,000  MLD50  of 
the  Gilliam  strain.  Bimodal  kinetics  of  the  I FN  response  are 
thought  to  reflect  the  inital  proliferation  of  rickettslae 
(early  IKN  peak)  and  immune  clearance  i.r  rhe  challenge  (late 
IFN  peak). 

2.  The  development  ot  the  ability  to  produce  IFN  after  a 
s.c.  infection  was  found  to  he  initiated  in  local-draining 
inguinal  lymph  nodes,  which  decreased  in  responsiveness  as 
splenic  lymphocytes  were  demonstrated  to  be  capable  of 
responding.  The  IFN  response  which  was  paralleled  by  the 
ability  of  lymphocytes  to  respond  bv  proliferation  to 
( ..imiiiii  z  i  ng  antigen  (1.P)  was  shown  to  be  a  long  lived  response 
(up  to  b(J  days  post  infection).  1  lie  cell  tvpe  responsible  tor 
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antigen-specific  IFN  producton  in  the  spleen  was  a  lymphocyte 
bearing  Thy  1.2  and  Lyt  12,3  antigens.  The  IFN  response 
of  this  cell  population  was  dependent  on  a  source  of  spleen 
adherent  cells,  which  presumably  functioned  as  antigen 
presenting  cells.  The  T-lymphocyte  nature  of  IFNy  production 
to  R.  tsutsugamushi  antigens  was  further  shown  when  athymlc 
BALB/C  (nu/nu)  mice  failed  to  produce  IFNy  after  infection 
while  euthymic  BALB/C  control  animals  were  found  to  produce 
IFN  in  vitro  after  similar  treatment. 

3.  Immune  IFN  has  also  been  studied  in  the  lethal  infection 
of  C3H/HeDub  mice  after  i.p.  challenge  of  naive  animals  with 
the  Gilliam  strain  of  j<_.  tsutsugamushi .  Serum  levels  of  IFN 
were  found  to  be  low  until  the  late  and  final  days  of  infec¬ 
tion.  This  response  was  found  to  be  similar  to  the  in  vitro 
IFN  responses  of  spleen  and  mesenteric  lymph  node  cells, 
however  these  cells  were  found  to  be  capable  of  producing  much 
higher  levels  of  IFN  just  before  death,  with  or  without 
(spontaneous)  antigen  administration.  Lymphocyte  prolifera¬ 
tive  responses  of  these  animals  to  antigen  developed  about  the 
same  time  as  the  IFN  response  but  were  totally  suppressed  at 
the  time  of  death,  as  were  L>P  responses  to  nonspecific  T-cell 
mitogens  (CON  A).  These  results  suggest  that  IFN  is  produced 
in  an  acute  infection  of  laboratory  animals  and  may  act  in  a 
negative  manner.  Further  study  is  planned  to  Investigate  the 
role  of  IFNy  in  acute  infection  of  mice. 

4.  IFNy  production  was  used  in  conjunction  with  LP  responses 
to  monitor  cellular  immunity  in  naive,  previously  infected, 
and  vaccinated  cyr.omologous  monkeys.  IFNy  was  found  in 
lymphocyte  culture  supernatants  14  days  after  i.d.  infection 
with  the  Karp  strain  which  also  correleted  with  detectable 
plasma  level  of  IFN.  IFN  responses  from  PBL  cultures  declined 
through  day  56  of  infection  at  which  time  a  state  of  nonre¬ 
sponsiveness  was  observed.  Initial  studies  using  vaccinated 
animals  showed  that  animals  did  produce  IFNy  In  vivo  (plasma) 
after  challenge  with  viable  rickettsiae.  Preliminary  studies 
are  still  currently  in  progress,  but'  initial  data  indicate 
that  IFN  may  be  indicative  of  antigen  responsive  lymphocytes 
circulating  in  immunized  monkeys. 

Previous  work  has  established  that  genetic  resistance  to  the 
Gilliam  strain  of  R_.  tsutsugamushi  is  associated  not  with  the 
sheer  quantity  of  the  macrophage  inflammatory  response  but  with 
the  type  of  macrophage  responding  to  the  infection.  To  extend 
these  observations  the  inflammatory  exudates  of  resistant  (C3H/Rv) 
and  susceptible  (C3H/HeDub)  mice  were  examined  for  macrophages 
with  I-region-assoclated  antigens  (la).  Although  susceptible 
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CJH/iieUub  mice  produced  a  greater  exudate  the  C3H/Rv  mice  produced 
an  exudate  consisting  mostly  of  la  bearing  macrophages.  As 
expected,  tiie  exudate  cells  from  C3H/Rv  mice  were  superior  to  an 
equal  number  of  cells  obtained  from  C3H/Hel)ub  mice  in  terms  of 
presentation  of  antigen  to  immune  lymphocytes.  In  further 
studies,  immunized  mice  produced  an  inflammatory  exudate 
consisting  predominantly  of  la  bearing  macrophages  regardless  of 
the  genetic  background  demonstrating  that  C3H/HeDub  mice  do  not 
inherently  lack  the  ability  to  produce  an  la  positive  exudate  and 
also  emphasize  the  importance  of  la  antigen  bearing  macrophages  in 
immunologically  acquired  resistance  to  reinfection.  Interest¬ 
ingly,  it  would  appear  that  in  susceptible  animals  the  la  positive 
macrophage  response  is  suppressed  late  in  the  infection.  This  is 
more  striking  as  it  has  been  shown  that  large  amounts  of  immune 
interferon  is  produced.  As  it  is  thought  that  this  molecule  is 
primarily  responsible  tor  induction  of  la  in  macrophages  these  two 
pieces  ot  data  suggest  that  an  active  suppressive  event  is 
oc.curing  in  these  animals  which  is  blocking  the  induction  of  la 
molecules  on  the  surtace  of  inflammatory  cells. 

A  major  effort  this  fiscal  year  was  the  study  of  primary  _R_. 
t  sue  sugamushl  infection  of  primates.  In  these  studies,  adult 
cynomolgus  (Mac a  fasclcularls)  monkeys  were  infected  with 
ricxeLtsiae,  which  were  grown  in  embryonateo  eggs,  and  followed 
tot  immunological  responsiveness  and  clinical  signs  of  infec¬ 
tion.  Animals  infected  with  the  Karp  strain  of  _K.  tsutsugamusnl 
nv  i m radermal  inoculation  reproducibly  developed  eschars  at  the 
site  o!  infection  from  b-7  days  after  infection.  Draining  lymph 
nodes  Iso  demonstrated  iymphadenopathy  after  infection.  The 
-i.iiority  of  animaLs  iritected  in t rade rma  1  ly  developed  an  elevated 
so!-  temperature  after  infection  although  only  a  few  animals 
reaen.-ti  eij-’t:  which  has  traditionally  been  considered  a  febrile 
response  in  this  species.  In  contrast  to  these  findings,  animals 
wni . n  were  infected  with  similar  or  higher  doses  of  rickettsiae 
administered  subcutaneously  did  not  develop  any  noticable  response 
it  the  site  ot  lniection  or  any  marked  change  in  temperature. 

Immunological  evaluation  of  these  animals  consisted  of  serum 
i ■■  r  i  hotly  titers  measured  by  IKA  and  an  RIA,  peripheral  blood 
•■plocvte  proliferation  to  rickettsial  antigen,  and  lymphokine 
a.ima  interferon)  production  in  lymphocyte  culture  super- 
i  tints.  Serum  antibody  was  first  detectable  from  7-10  days  after 
i  1 1 eel i on  and  using  lsotype  specific  reagents  in  the  RIA  was  found 
I'ltisist  primarily  of  lgM.  Relatively  high  titers  ct  igti  anti- 
developed  by  lu  days  after  infection.  Representative  animals 
t  r 1 1 .  this  study  wi l L  be  retained  and  followed  for  an  extended  time 
c . •  .h  termine  the  longevity  of  Che  antibody  produced  in  response  to 
initial  inlection  as  well  as  any  changes  in  antigen  speci- 
;  i  it.'.  antigen  responsiveness  of  circulating  T- lymphocytes  as 
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measured  by  antigen  specific  proliferation  developed  roughly  in 
parallel  with  the  antibody  response.  As  has  been  noted  in  other 
animal  models,  the  earlv  T-lymohocyte  response  demonstrated  a 
(treat  deal  of  strain  cross-reactivity  although  the  homologous 
antigen  response  was  generally  the  greatest.  Interac-tion  of 
antigen  and  immune  lymphocytes  was  also  evident  by  the  production 
of  gamma  interferon  in  culture  supernatants.  Gamma  interferon  was 
also  demonstrable  in  sera  of  infected  animals  and  may  be  involved 
in  rickettsial  clearance  as  has  been  shown  in  the  mouse.  In  a 
similar  study,  monkeys  which  were  experimentally  infected  with  R_. 
tsntsugarmishi  in  Malaysia  in  1977-1978  were  evaluated  for 
circulating  antibody  and  long-lived  antigen  responsive  lymphocytes 
using  the  above  techniques.  None  of  these  animals  were  found  to 
have  antibody  even  using  the  RIA.  However,  the  majority  of 
monkevs  tested  were  found  to  respond  to  the  homologous  infecting 
antigen  by  lymphocyte  proliferation.  These  responses  were  only  to 
the  homologous  antigen  and  no  cross-reactivity  was  noted.  These 
animals  were  also  challenged  and  followed  as  before.  As  would  be 
predicted,  these  animals  responded  similarly  to  naive  monkeys  in 
terms  of  clinical  signs  of  infection.  I mmuno logically  a  typical 
anamnestic  antibody  response  was  noted  suggesting  long-lived  B- 
cell  memorv  was  present.  Lvmphoproliferative  responses  were 
developed  at  essentially  the  same  rate  as  in  naive  animals.  In 
these  studies,  two  animals  from  the  initial  studies  were 
rechallenged  approximately  6  months  after  the  initial  infection 
and  showed  no  signs  of  infection  and  an  anamnestic  response  as 
expected , 

Recommendat ions 

The  feasibility  of  a  scrub  typhus  vaccine  is  based  on  the 
development  of  specific  immunity  to  R_.  tsutaiigamushi  during  the 
course  of  the  natural  infection.  Most  vaccine  attempts  have 
failed  to  induce  a  significant  degree  of  artificial  immunity  until 
the  uses  of  volk  sac  derived  gamma  irradiated  whole  organisms  was 
employed  in  mice  hv  Osterman  et  al.  Our  goal  is  the  development 
of  an  optimized  tissues  culture  methodology  which  will  allow  for 
predictably  consistent  yields  of  rickettsiae  to  be  used  in  pro — 
duction  of  vaccine  lots.  Having  hi ochecmica 1 ly  and  biologically 
characterized  the  vaccine  preparations  we  will  define  those 
conditions  necessary  to  maximize  the  immune  response  eitner  to  the 
inactivated  whole  organism  or  subunits  of  the  organism.  The  role 
of  adiuvants  will  be  considered.  He  have  established  in  mice  and 
monkevs,  an  operational  capacity  to  assay  cell  mediated  and 
humoral  responses  to  scrub  infections.  The  next  step  will  be  to 
use  these  same  assays  to  follow  the  primate's  response  to  the 
irradiated  vaccine  before  and  after  an  homologous  infectious 
challenge. 


Our  etudlee  on  Che  naturaa  of  cell  mediated  and  huuural 

reaponaea  and  the  rolea  of  lymphokinee  both  aa  mediators  of 

effector  mechaniame  and  aa  indicatora  of  protective  immunity  will 

continue. 
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23.  (U)  Design,  test  and  develop  new  drugs  with  chemoprophylactic  or  chemotherapeutic 
activity  against  diseases  of  military  importance. 

24.  (U)  Chriica1  samoies  obtained  from  a  rational  synthesis  program,  industry  and 
academa  ar-  tested  ( 'r  activity  against  the  diseases.  Information  is  used  in  quiding 
new  synthesis  a-d  •.r.ectioq  candidates  for  clincal  trials.  New  test  systems  are 
developed.  i”  i  ■  :a  ten  .nde'-go  preliminary  pharmacological  testing. 

-  !  'r>  Approx  imately  2300  new  samples  were  obtained  for  testing.  Arte- 

nsm'~e  so ’a  ted  from  a  locally  growing  Artemisia  annua.  Synthesis  has  been 

terminated  n  tne  icr'O’ne  area,  but  continues  in  others.  Testing,  both  contract  and 
m-hcuse  it  cont  mir ng .  New  test  systems  have  been  set  up  in  malaria  and  trypanosomia¬ 
sis.  "ethod  >mprnv.*<rent  ’n.  me  t  hemog  1  ob  i  n  has  been  done,  and  methemogl  obi  nogen  ic 
iotentif'1  of  n,»w  candidate  druqs  determined.  For  technical  report  see  Walter  Reed  Army 
Institu.e  o'  -eseancn  Annual  Pnogress  Report  1  Oct  82-30  Sep  83. 
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PROBLEM  AND  OBJECTIVES: 


In  many  parts  of  the  world  where  U.S.  military  personnel 
may  be  deployed,  diseases  such  as  malaria,  leishmaniasis, 
schistosomiasis  and  trypanosomiasis  are  endemic.  Prevalence 
of  both  falciparum  and  vlvax  malarias  is  Increasing  because  of 
falling  control  and  eradication  efforts  in  many  countries.  In 
many  of  these  areas,  falciparum  malaria  has  become  resistant 
to  currently  available  drugs.  Current  chemotherapy  of  leish¬ 
maniasis,  schistosomiasis  and  trypanosomiasis  is  Inadequate. 
There  are  no  drugs  available  for  prophylaxis,  and  those  that 
are  available  for  therapy  have  limited  efficacy  and  dangerous 
side-effects.  The  objective  of  this  work  unit  is  the  dis¬ 
covery  and  development  of  new  drugs  for  prophylaxis  and  treat¬ 
ment  of  these  diseases  in  military  personnel.  In-house  re¬ 
search  Is  complemented  by  and  coordinated  with  contractor  lab¬ 
oratory  drug  testing  and  research. 

PROGRESS :  , 


1 •  The  Research  Contract  Synthesis  Program 

During  this  period,  active  contractual  programs  devoted  to 
the  synthesis  of  potential  ant  iparasit  lc.  agents  were  divided 
as  follows:  malaria  3,  leishmaniasis  1  1/2,  trypanosomiasis 
2  1/2.  Two  preparations  laboratories  and  a  radiolabel  syn¬ 
thesis  contract  also  supported  the  program.  A  portion  of 
these  contracts  also  supported  the  Chemical  Defense  Program. 

The  8-arainoquinol ines  continue  to  show  good  blood  as  well 
as  tissue  schizontocidal  activity.  Efforts  continue  in  two 


principal  areas:  (a)  investigate  variation  in  the  5 -OR 
series;  and  (b)  investigate  the  effect  of  substitution  in  the 
2-  and  3-positions  instead  of,  and,  in  addition  to,  a  CE 
group  in  position-4. 

Synthetic  efforts  in  aainonaphthalenes,  amodiaquine  ana¬ 
logs,  pyrimethamine  and  acrid ineoneiaines  have  been  discon¬ 
tinued,  although  testing  continues  in  the  last.  Toxicity 
studies  (Perlarterltls-nodosa)  are  especially  needed  on  tbese 
compounds. 

In  leishmaniasis  and  trypanosomiasis,  pyridine  bis-ami- 
dlnes  and  oxime  precursors  continue  to  show  activity.  In  the 
area  of  purine  metabolism,  efforts  have  shifted  from  the  aul- 
famoylated  compounds  to  variations  in  inosine  analogs. 

2.  Data  Processing 

Data  processing  on  the  CDC  3500  was  discontinued  in 
April  1983.  This  was  prior  to  completion  of  the  conversion 
to  the  VAX  11/780.  At  the  end  of  the  fiscal  year,  biology 
retrieval  was  functional,  but  input/update  still  needed  work. 
In  the  inventory  subsystem,  the  shipping  cycle  was  operation¬ 
al,  while  overdue  processing  was  not.  These  two  subsystems 
are  expected  to  be  operational  and  ready  for  enhancements  by 
the  end  of  the  1st  quarter  of  FY84.  The  chemistry  subsystem 
is  not  operational  and  data  processing/retrieval  is  now  being 
done  manually.  Testing  of  the  subsystem  is  planned  for 
December  1983.  Portions  of  the  integrated  report  generator 
are  operational,  but  full  implementation  awaits  completion  of 
the  other  subsystems. 

3 .  Acquisition  of  Compounds 

Approximately  2300  new  samples  were  obtained  for  testing 
from  the  rational  synthesis  program,  industry,  and  academia. 

4 .  Organic  Synthesis  Section 

About  93  compounds  were  submitted  for  biological  testing 
over  the  post  12  months,  few  of  which  had  been  described  in 
the  chemice1  literature. 

Of  special  interest  is  the  isolation  from  the  locally 
growing  plant,  Artemisia  annua ,  of  the  sesquiterpene  lactone 
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peroxide,  artemisinine  (qinghaosu) .  This  compound  first  ob¬ 
tained  in  China  £a.  13  years  ago  is  reported  to  have  excel¬ 
lent  activity  against  chloroquine-resistant  Plasmodium  fal- 
c iparum  and  cerebral  malaria.  The  synthesis  of  derivatives 
of  artemisinine  and  a  study  of  the  stability  cf  their  pharm¬ 
aceutical  dosage  forms  will  be  performed  when  scfficient 
artemisinine  is  obtained. 

A  licensing  agreement,  based  on  the  work  of  this  re¬ 
search  group,  has  been  signed  by  the  Army  and  the  University 
of  Michigan  to  enable  the  commercial  development  of  some  of 
the  2-acetylpyridine  thiosemicar bazones  in  the  treatment  of 
herpes  simplex  1  and  2. 

The  synthesis  and  partial  evaluation  of  some  acyl-a- 
N-heterocycl ic  thlosemicarbazones  containing  the  ring  sys¬ 
tems,  thiazole,  pyrazine,  and  pyrimidine,  has  been  accom¬ 
plished.  Also,  a  new  series  of  2-(a-hydroxyacetyl)  pyridine 
thlosemicarbazones  was  prepared  so  as  to  improve  the  water- 
solubility  of  the  most  biologically  active  members  of  this 
class  of  compounds.  The  increase  in  hydrophilicity  lowered 
murine  toxicity  of  the  thlosemicarbazones  but  also  reduced 
their  antimalarial  efficacy. 

3 .  Biological  Testing/Studies 

(Malaria)  Approximately  260  compounds  were  tested  for  activ¬ 
ity  against  P_.  falciparum  in  vitro.  Of  these,  7  compounds 
were  found  to  have  antimalarial  activities  equal  to  or  great¬ 
er  than  mefloquine  against  chloroquine-resistant  parasites. 
Procedures  for  assessing  the  antimalarial  activities  of  sul¬ 
fonamide  drugs  alone,  and  in  combination  with  inhibitors  of 
DHFR  were  Implemented  to  differentiate  known  clinically  Fan- 
sidar  resistant  and  susceptible  geographic,  isolates.  The 
elucidation  of  the  mechanisms  of  resistance  (and/or  cross¬ 
resistance)  to  these  classes  of  drugs  was  also  pursued,  WR 
171669  maintained  in  vitro  anti-malarial  activity  against 
Mefloquine-resistance  strains.  Studies  in  collaboration  with 
the  Department  of  Medicine,  WRAIR,  were  implemented  to  eluci¬ 
date  purine  metabolism  of  malaria  parasites.  It  became  ap¬ 
parent  that  parasite  adenosine  deaminase  differs  from  the 
host  enzyme  relative  to  drug  inhibition  and  enzyme  kinetics. 
The  primary  extramural  screen  Identified  approximately  200 
compounds  with  activity  out  of  approximately  3000  candidate 
compounds  tested.  Secondary  studies  were  done  on 


approximately  100  of  the  active  compounds  against  resistant 
strains  of  P.  berghei  in  mice,  human  P.  falciparum  in  Aotus 
monkeys  and7or  vivax-like  P^  cynoaolgi  in  rhesus  monkeys. 

(Trypanosomiasis)  Approximately  2000  compounds  were  screened 
against  T.  rhodesiense  in  mice  in  the  extramural  screen.  Ex¬ 
ceptional  activity  was  found  in  novel  lmldazopyTidiniua  com¬ 
pounds.  Approximately  230  compounds  were  tested  for  activity 
against  Trypanosoma  rhodesiense  in  vitro.  Of  these,  42  com¬ 
pounds  were  found  to  have  antitrypanosome  activities  equal  to 
or  greater  than  ethidium  bromide.  In  an  in  vitro  mouse  sys¬ 
tem  developed  to  assess  the  ability  of  drugs  to  cross  the 
blood-brain  barrier,  39  different  compounds  were  tested,  each 
at  5  different  concentrations,  for  activity  against  T.  rho¬ 
desiense.  Eight  of  these  were  found  to  be  active  against  CNS 
involvement  in  mice  with  chronic  trypanosomiasis.  Radiores- 
pirometric  studies  found  T.  cruzi  to  be  metabolically  very 
distinct  from  Lelshmania  spp. 

(Leishmaniasis)  Formycin  B  was  found  to  be  an  active  anti- 
leishmanial  agent  both  i£  vitro  and  in  vivo;  its  efficacy  was 
demonstrated  to  be  due  to  its  metabolism  into  nucleotides  and 
into  RNA.  The  activity  of  the  new  antileishmanial  agent  is 
probably  due  to  in  vivo  metabolism,  whereas  the  activity  of 
ketoconazole  is  due  to  inhibition  of  leishmanial  sterol  bio¬ 
synthesis.  Encapsulation  of  drugs  within  red  cells  augments 
in  vivo  activity.  About  350  compounds  were  screened  in  the 
extramural  screen  against  visceral  lelshmania  in  hamsters. 

VR  6026,  an  oral  drug  undergoing  clinical  trials,  was  more 
efficacious  when  given  as  a  single  dose  compared  to  multiple 
doses.  WR  238605,  an  oral  drug  being  considered  for  clinical 
trials  as  an  antimalar ial ,  was  25  times  more  efficacious  than 
glucantime,  the  drug  currently  used  in  humans.  About  250 
compounds  were  screened  against  cutaneous  leishmaniasis  in 
hamsters  and  18  were  1  to  15  times  more  efficacious  than  glu- 
cantlme,  the  reference  compound.  Unfortunately,  the  best  three 
compounds  failed  to  heal  cutaneous  lesions  on  Aotus  monkeys. 

Mucocutaneous  isolates  from  South  America  (formerly 
thought  to  be  a  single  species,  L.  brazlllensls  brazillensis) 
are  heterogeneous  with  rad ioresplrometric  test  variation  as- 
soclated  with  the  geographic  origin  of  the  parasite.  Muco¬ 
cutaneous  leishmaniasis  may,  in  fact,  !>e  caused  by  more  than 
one  species/strain  of  parasite. 


Studies  on  the  topical  application  of  antileishmanial 
drugs  continue  and  seven  compounds  were  found  to  heal  cutane¬ 
ous  lesions  on  the  Mystromys  model.  These  lesions  relapsed 
after  treatment  with  four  of  the  compounds  and  the  remaining 
three  continue  to  be  evaluated. 

In  an  effort  to  develop  a  drug  screen  to  detect  prophy¬ 
lactic  compounds,  studies  were  conducted  on  the  infectivity  of 
leishmanial  promastigotes ,  the  developmental  stage  which 
passes  from  sand  fly  to  man  in  nature.  In  vitro  derived  pro¬ 
mastigotes  in  the  stationary  phase  of  growth  are  more  infec¬ 
tive  than  log  phase  promastigotes.  Stationary  phase  promas¬ 
tigotes  may  be  the  infective  form  of  Leishmania  and  should  be 
used  to  challenge  animals  in  a  prophylactic  screen. 

Cutaneous  leishmaniasis  was  diagnosed  in  5  U.S.  soldiers. 
About  30  leishmanial  isolates  from  soldiers  infected  in  Pana¬ 
ma  were  typed  by  isoenzyme  analysis.  The  soldiers  were  in¬ 
fected  with  6  subspecies  of  Leishmania .  Leishmania  brazili- 
ensls  panamensis  and  Leishmania  mexicana  mexicana  were  the 
most  frequent.  Only  20%  of  the  soldiers  with  L.b^  panamensis 
healed  after  one  course  of  treatment  with  Pentostam  while  90% 
of  the  soldiers  with  L.  mexicana  mexicana  healed.  In  vitro 
cultivation  of  Leishmania  on  agar  plates  is  proving  to  be  the 
most  sensitive  method  for  the  primary  isolation  and  culture  of 
parasites.  A  simple  kit  to  type  Leishmanial  isolates  by  iso¬ 
zyme  analysis  was  developed  and  will  be  field-tested  at  USAMRU 
-Brasilia  in  198A.  Skiu  test  antigen  for  the  diagnosis  of 
Leishmaniasis  has  been  prepared  and  potency  studies  are  being 
conducted  in  rodent  systems. 

(Schistosomiasis)  Over  AO  compounds  were  screened  as  possible 
topical  prophylactic  agents  against  Schistosoma  toansoni  in¬ 
fections  in  mice.  Eleven  of  the  compounds  tested  provided  90% 
or  greater  protection  for  2A  hrs  after  application.  Two  of 
the  eleven  compounds,  WR  A623A  and  WR  3A912,  were  identified 
as  very  effective  antipenetrants  (100%  protection)  and  were 
studied  in  greater  detail  in  the  mouse  model.  WR  A623A  pro¬ 
vides  complete  protection  against  infection  for  6  days  after 
treatment  at  a  concentration  of  0.1  percent  (W/V)  in  methanol. 
WR  3A912  completely  protected  mice  for  2A  hrs  against  infec¬ 
tion  at  concentration  below  0.07  percent  (W/V)  in  methanol. 
These  two  compounds  have  low  oral  toxicities  (greater  than 
1000  mg/kg  in  rats)  and  are  the  most  effective  schistosome 
antipenetrants,  with  only  a  single  application  ever  reported. 
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Preliminary  studies  also  were  undertaken  to  evaluate  the  anti- 
penetration  effect  of  military  clothing  fabrics  againat  S. 
mansoni. 

Approximately  900  compounds  (representing  2000  potential 
test  groups)  were  sent  to  USAMRU-Brasilia  for  prophylactic 
and/or  curative  testing.  Greater  emphasis  was  placed  on  true 
prophylactic  testing  (treatment  prior  to  cercarial  exposure). 
Computerization  of  submission  data  was  initiated  and  completed 
during  this  time  period.  Computerization  of  test  data  was  in¬ 
itiated  and  is  near  completion. 

6.  Preliminary  Pharmacology 

A  modified  assay  for  methemoglobinemia  was  developed  to 
screen  for  this  side-effect.  The  methemoglobinogenic  poten¬ 
tial  of  several  new  candidate  drugs  was  then  studied. 

Analytical  methods  were  developed  for  the  antimalarial 
drugs  UR  142,490  (mefloquine),  WR  180,409,  WR  194,965,  WR 
171,669  (halof antrine)  ,  chloroquine,  and  the  antileishmanial 
drug  WR  6026  by  work  in-house  or  on  contract.  These  methods, 
using  primarily  HPLC  techniques,  are  being  used  to  support 
bioavailability  and  pharmacokinetic  studies  in  experimental 
animals  or  in  humans  in  clinical  trials.  A  number  of  these 
studies  have  been  completed  while  others  are  still  in  progress 
Results  of  this  work  have  shown  that  WR  171,669  (halof antrine) 
is  poorly  absorbed  and  has  a  slow  half-life  of  elimination  of 
2.7  days  in  the  dog.  Chloroquine  has  also  been  found  to  have 
a  prolonged  half-life.  A  new  formulation  of  halofantrine  with 
improved  absorption  is  currently  undergoing  study. 


FUTURE  PLANS 


Rational  synthesis,  other  compound  acquisition,  screen¬ 
ing  and  testing  will  continue  in  all  areas.  Conversion  of 
the  chemistry  data  retrieval  system  to  the  VAX  11/780  will 
continue,  with  transfer  of  other  modules  of  the  CIRS  being 
completed  during  FY  84.  Studies  on  metabolism,  pharmacoki¬ 
netics,  improved  formulation,  and  improved  test  system  de¬ 
sign  will  continue. 
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Antigens;  (U)  Immunoassays;  (U)  Parasitic  Diseases;  (U)  Immunity;  (U)  Vaccines 

)  Lab  Aniaala  (V.)  liLiiir.  U.l  3AM. .  ...  - — - . — — .....  ■  _  - ■— ... - 

IT TfieTobjecti  v’iT' 0?  TnTs**  warX  *unTt'  Is  '  t6"TsoTate  an’^cKaracter'i z~e  "antigens* partlcu- 
f  those  of  malaria,  trypanosomlas Is  and  leishmaniasis,  and  the  evaluation  of  them 
jtentlal  Immunogens  In  experimental  animals  for  the  development  of  a  safe  and  effec- 
vacclne.  These  diseases  Impede  military  performance  whenever  troops  are  deployed 
idemlc  areas  emphasizing  the  need  for  a  suitable  vaccine  to  facilitate  military 
itlons. 

J)  The  approaches  used  In  these  studies  are  to  develop  techniques  for  the  isolation 
irasitlc  antigens;  to  use  standard  biochemical  and  Immunochemical  procedures  to 
icterize  and  purify  these  antigens;  to  develop  quantitative  In  vitro  immunoassay  to 
tor  the  purity  of  these  isolated  antigens;  and  to  determine  the  effectiveness  as 
ines  of  these  antigens  In  experimental  animals. 

J)  82  10  -  83  09  Genetic  rel ationshi ps  among  Leishmania  isolates  are  being 

-•mined  by  klnetoplast  ONA  (kDNA)  analysis.  Rapid  methods  for  isolation  of  kDNA,  and 
electrophoretic  separation  of  restriction  enzyme-generated  kDNA  fragments  were  devel 
.  kONA  fragment  separation  is  an  extremely  sensitive  method  for  differentiating 
hmanla  species  and  strains.  Identical  Leishmania  were  found  in  patients  with  similar 
ase  who  live  within  a  limited  geographic  area.  The  stability  of  the  kDNA  fragment 
erns  is  not  affected  by  the  time  parasites  reside  in  man  or  by  multiple  exposure  to 
-leishmania  drugs.  ONA  hybr idi zati on  is  being  used  to  detect  as  few  as  100  Leishmani 
sites  in  man,  animals  and  insect  vectors.  To  facilitate  hybrid i za tion ,  kDNA  fragment] 
cloned  into  E.  coll  plasmids  to  construct  species  and/or  disease-specific  DNA  hybri 
tion  probes.  Non-radioisotopic  procedures  are  being  tested  to  detect  DNA  hybridiza- 
s  so  a  field  technique  can  be  developed.  For  technical  report  see  Walter  Reed  Army 
itute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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PROJECT  3M162770A87O  PREVENTION  OF  MILITARY  DISEASE  HAZARDS 

Work  Unit  046  Exploratory  Vaccine  Development  Against 
Parasitic  Diseases 


Investigators : 

Principals:  Peter  R.  Jackson,  Ph.D. 

LTC  Wayne  T.  Hockmeyer,  MSC 

Associates:  John  A.  Wohlhieter,  Ph.D. 

Mr.  John  M.  Stiteler 


.roblems  and  Objectives: 

The  problem  under  study  is  the  development  of  vaccines 
against  human  parasites  that  cause  leishmaniasis,  trypanosomiasis, 
or  malaria.  These  diseases  impede  the  military  performance  of 
troops  deployed  in  endemic  areas,  necessitating  effective 
vaccination  procedures.  Parasite  identification  is  crucial  to 
vaccine  production  and  the  current  goal  is  to  develop  Leishmania 
identification  methods  based  on  kinetoplast  DNA  (kDNA)  analysis. 
In  addition  to  objectives  detailed  in  the  last  annual  report,  new 
objectives  are  to  determine  if:  (1)  kinetoplast  DNA  of 

Le ishman  1  a  isolated  from  patients  remains  stable  despite  the 
duration  of  the  patient's  disease,  (2)  chemotherapy  of  Leishmania 
alters  kinetoplast  DNA  stability,  (3)  kDNA  from  visceral iz ing  or 
cutaneous  Leishman  i  a  from  the  Old  World  can  be  used  as  DNA 
hybridization  probes  for  diagnosing  infections,  (4)  kDNA 
hybr idizat  ion  can  detect  Leishmania  parasites  in  sandflies,  (5) 
sequences  of  Leishmania  kDNA  can  be  cloned  into  plasmids  of  E_. 
co  1  i  to  prduce  species  or  disease-specific  hybr idization  probes, 
(6)  non-rad ioact i ve  procedures  can  be  used  to  detect  specific  kDNA 
hybridizat  ions,  (7)  in  support  of  the  Le ishmani a  hybridization 
work,  a  rapid  test  for  parasite  viability  can  be  developed. 

Progress : 

Analysis  of  Leishman  i  a  by  gel  e lec trcphoret ic  separation  of 
restriction  enzyme  generated  kDNA  fragments  was  used  to  determine 
that  the  same  parasite  is  resoons'ble  for  visceral  disease  in  at 
least  6  humans  in  northeast  Brazil.  Another  v  isceral izing 
Le ishman  i  a  is  causing  disease  in  at  least  8  Kenyans.  We  deter¬ 
mined  that  kDNA  fragments  analysis  is  reliable  since  results  do 
not  change  using  kDNA  from  parasites  maintained  for  over  1  year  in 


kk2 


si 


culture,  or  from  Leishmania  amastigotes  sequentially  isolated  from 
a  patient  with  chronic  cutaneous  disease,  or  from  Leishmania 
sequentially  taken  from  a  patient  after  multiple  chemotherapy 
failures.  Through  kONA  hybridization  procedures  we  have  detected 
as  few  as  100  Leishmania  using  promast igotes  from  culture  or 

within  sandflies  or  amastigotes  from  tissue  blots.  Hybridization 
of  kDNA  is  therefore  one  of  the  most  sensitive  ways  to  detect 
Leishmania  infections  in  man,  animals  or  insects.  We  have 
determined  that  cross-hybridization  of  kDNA  sequences  occurs 
between  Le  ishmania  species  causing  cutaneous  (L_.  tropica,  L_. 

major )  and  visceral  disease  (L_.  donovani .  1.  infantum.  L. 

chagas i )  ■  Through  a  col laboration  with  a  molecular  genetics 
company.  Codon,  fragments  of  kDNA,  specific  for  these  species,  are 
being  cloned  into  £.  coli  plasmids.  These  plasmids  will  serve  as 
species  specific  hybridization  probes  for  research  on 
leishmaniasis  and  the  detection  of  disease.  Non-radioactive 
methods  for  detecting  kONA  hybr idizat ion  using  biotin-labelled 

kDNA  probes  and  strepavid’n  linked  with  a  chromogenic  enzyme  or 

f luorochrome,  are  being  studied.  These  procedures  will  lead  to  a 
field  test  for  detecting  Leishmania  in  man  animals  and  vectors. 
To  support  the  kDNA  hybridization  program,  which  requires  the  use 
of  healthy  parasites,  we  have  developed  a  rapid  (30  second)  and 
sensitive  method  for  detecting  viable  intracellular  and 
extracel  lular  Leishmania,  using  the  fluorogenic  esterase 
substrate,  fluorescein  diacetate. 

Recommendat ions : 

1.  Restriction  endonuclease  digestion  of  kDNA  should  continue  so 
that  additional  populations  of  Le ishman i a  can  be  detected.  New 
restriction  en ’ymes  should  be  ev a  1 u a ted  in  this  procedure.  To 
simplify  the  procedure,  flat-bed,  agarose  gels  should  be  used. 

2.  The  cloning  of  kDNA  sequences  specific  for  Leishmania  causing 
New  World  and  Old  World  cutaneous  and  visceral  diseases  should  be 
continued.  Hybridization  of  cloned  material  should  be  performed 
to  determine  the  specificity  of  the  DNA  probes  and  their  sensi¬ 
tivity  in  detecting  parasites  in  tissue  preparations  from  man  or 
animals,  or  within  sandflies. 

3.  Non-radioact i ve  procedures  for  detecting  DNA  hybridization 
should  be  aggressively  pursued.  The  sensitivity  of  the  procedure 
should  be  compared  with  radioactive  methods.  Enzymatic  and 
fluorescence  detection  methods  should  be  evaluated  with  the  aim  of 
producing  a  field  test  for  Leishmania  parasites  in  man,  animals 
and  vectors. 
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4.  Alternatives  to  nitrocellulose  for  use  in  hybridization  of 
kONA  probes  should  be  evaluated.  These  may  be  paper  or  nylon 
material  supports. 
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^re’tecVaiicaT'  oeVectiv'«~ is  to  Sevelop .  nev  approaches  to  tfie ^prevention*  and  treat 
Topical  diseases  of  military  importance.  Malaria  and  dengue  are  emphasized 
>f  severity  and  for  propensity  to  cause  high  attack  rates  shortly  after  the  on- 
.litary  operations. 

.pproaches  include  characterization  of  the  cellular  immune  response  in  patie.-.ts 
with  malaria,  e^idemiologic/ecologic  studies  to  determine  vectors  and  hosts  in 
develop  control  methods,  and  studies  to  determine  the  etiologic  factors  of  den- 
rhagic  fever,  and  the  etiology  of  hepatitis. 

;2  10-83  09  Studies  were  initiated  on  arachadonic  acid  and  its  metabolites  and 
Bible  role-;in-  :t);e  mediation  of  the  varcular  permeability  in  DKF.  An  outbreak  of 
ver  associated  with  signs  and  symptoms  of  clinical  neuropathy  was  investigated, 
n  risk  factors  associated  with  the  transmission  of  flavivirus  was  done  during 
ason  in  a  rural  araa  of  Thailand.  Studies  on  immune  dysfunction  in  malaria  ••ere 
..  Diagnostic  studies  of  dengue  including  in  vitro  dengue  antibody  synthesis  of 
1  blood  mononuclear  leukocytes  and. the  development  of  dengue  type-specific  sero 
ssays  using  mouse  monoclonal  antibodies  were  continued.  Studies  on  the  in  vitro 
synthesis  in  leukocytes  of  the  blood  and  CSF  of  patients  with  JE  were  also  con- 
ther  dengue  studies  were  continued  on  the  development  of  a  primate  model  for 
ies  on  the  use  of  the  antibody  capture  technique  for . diagnosis  and  definition 
velopment  of  XgC  and  IgM  in  the  CSF  of  dogs  with  rabies  were  continued.  The  DNA 
dies  of  toxigenic  F.  rnji  were  continued  and  expanded.  A  study  on  the  rob  -r>£ 
the  transmission  of  enteric  disease  was  completed.  For  technical  report  s<e  the 
ed  Army  Institute  of  Research  Annual  Progress  Report  1  Oct  82-30  Sep  83. 
d  due  to  changes  in  AMS.  See  USAnRDC  Supplement  to  AR  37-. 00-84. 
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I’HOBI.F.M:  To  determine  flu-  incidence  at  dengue  honor rhaj^ic 

fever  ( DHF)  and  rhe  serotype  of  dengue  virus  causing  DHF  in 
p.i r  1  eni  s  jr  Bangkok  Children's  Hosplral  (RCII). 

BACKGROUND:  For  21  years  rhis  laboratory  lias  maintained  a 

collaboration  wirh  the  clinicians  at  FCH.‘  During  rhis  time 
the  laboratory  has  developed  its  capa'r  iliry  for  isolation  of 
dengue  viruses,  idiile  rhe  clinicians  :  f  BCli  have  refined 
their  diagnostic  and  therapeuric  skills.  At  the  present 
time,  serologic  evidence  for  dengue  infection  is  found  in 
about  90K  of  the  cases  diagnosed  as  DHF  by  the  BOB 
clinic ians  . 

A  total  of  4064  patients  have  been  diagnosed  as  having 
DHF  (Table  1).  About  20Z  of  rhese  have  yielded  a  dengue 
virus  isolate.  Overall  ,  dengue  2  was  the  most  frequent 
Isolate,  and  dengue  4  was  a  relatively  rare  isolate.  Dengue 
1  and  3  were  isolated  with  intermediate  frequency. 

During  rhe  period  of  surveillance,  annual  cycles  have 
occurred,  with  the  highest  mean  number  of  c3ses  occurring  in 
August,  in  which  an  average  nuaber  of  40  PilF  cases  were 
admirred.  The  largest  single  month  was  July,  1980,  in  which 
131  admissions  occurred.  In  that  year,  788  cases  occurred, 
f  ron  which  240  dengue  isolates  were  obtained.  Since  then  DHF 
activity  has  been  less. 

Current  Data:  In  1983,  252  cases  have  occurred  (Table  1), 
marking  the  year  as  rhe  third  mild  one  in  a  row  for  DHF.  As 
usual,  August  was  the  largest  month,  with  63  cases  occurring. 
Twenty-four  dengue  isolates  have  been  isolated  thus  far  from 
the  68  specimens  which  have  been  processed  thus  far,  for  an 
isolation  rare  of  35Z  .  Of  these  isolates,  rhe  largest  number 
were  dengue  2. 

Table  1.  Dengue  isolates  f rcm  DHF  patienrs,  1 962-Oc tobe r , 

1983  (Excluding  1967-72). 

TOTAI.  oh N  X'  X  XX  MAJOR 


YFAK 

CASKS 

1  SOL 

1)1 

■  > .. 

1)3 

D4 

D1 

D2 

D3 

D4 

TYPK 

1962 

1  4.V 

J»  * 

17 

3  3 

9 

1 

34 

46 

18 

T 

D  2 

196  3 

156 

r 

.*  ) 

1 

1  7 

0 

23 

29 

49 

0 

D  3 

1  'hi4 

335 

1  .5 

"M  ; 

>  i 

7t 

3 

28 

50 

19 

3 

1)  2 

1965 

88 

12 

0 

8 

3 

1 

0 

67 

25 

8 

D  2 

1966 

55 

10 

7 

1 

0 

2 

70 

10 

0 

20 

D  1 

1973 

135 

22 

) 

13 

4 

0 

23 

59 

18 

0 

D  2 

1974 

151 

21 

u 

7 

6 

0 

38 

33 

29 

0 

D  1 

1975 

399 

14 

l 

8 

5 

0 

7 

57 

36 

0 

D  2 

1976 

176 

9 

0 

6 

1 

2 

0 

67 

11 

22 

D  2 

1977 

495 

66 

0 

37 

10 

19 

0 

56 

15 

29 

D  2 

1978 

185 

33 

h 

28 

1 

4 

0 

85 

3 

12 

D  2 

1979 

3U  1 

61 

y 

58 

0 

1 

3 

95 

0 

2 

D  2 

1980 

788 

2',n 

r>< ' 

174 

14 

2 

21 

73 

6 

1 

D  2 

1981 

196 

36 

1  1 

21 

3 

1 

31 

58 

a 

3 

1)  2 

1982 

206 

75 

1  7 

1 

3 

16 

68 

4 

12 

D  ? 

*  68  Specimens  processed  through  Ocrober 


CONCLUSIONS; 

1.  Dengue  2  conrinues  fo  be  isolated  mosr  frequently  f  ran 
DUF  patients. 

2.  An  increase  in  DHF  activity  in  the  npxt  year  or  ruo  is 
expected,  as  it  is  unusual  to  have  4  consecutive  low  years. 

RECOMMENDATIONS  '• 

1.  This  extremely  valuable  srudy  of  the  etiology  of  DUF  in 
Bangkok  represents  re  most  extensive  longitudinal  study  of 
rtie  etiology  of  DUE  In  existence. 

2.  This  study  should  be  continued,  with  modifications 
a  pp  rop  ria  re  for  rtie  exacted  increase  in  DUF  activity. 


2 .  Epldem ic  Pe  riphe  ral  Neu  rupaf hy  Assoc  fared 
ui r h  Dengue 


PROBLEM:  In  January  1983  rtie  epidemiolgy  service  at  the 

refugee  holding  center  ar  Panar  Nikon,  Thailand,  reported  an 
epidemic  of  peripheral  neuropathy.  During  the  preceding  two 
months  25  patients  had  presented  to  the  camp  health  service 
with  signs  of  severe  confined  nufor  and  sensory  neuropathy. 
Many  of  the  patients  related  a  history  rhat  the  illness  had 
Degun  abruptly  with  a  fever  and  rash  followed  In  a  few  days 
ay  tin-  rapid  onset  of  neu  ropn  rh  l  c  syipfuns.  Because  dengue 
was  considered  .among  the  possible  causes  of  the  epidemic, 
AFRIMS  was  consulted. 


PROG KtSS :  Baseline  rates  of  peripheral  neuropathy  at  the 
camp  were  estimated  to  be  1  or  2  cases  per  month,  presumably 
due  to  nurrirional  deficiency.  Thirty  cases  were  identified 
wiM.  a  hisfory  of  neuropathic  symptoms  within  the  past  two 
months,  17  of  whom  also  gave*  a  history  r ha f  the  illness  began 
with  a  fever.  Miles  out  numbered  females  22  to  8.  Twenty-four 
cases  were  between  tlie  ages  of  15  and  44.  Twenty-five  cases 
were  examined  by  a  neurologist  in  February  and  17  of  those 
examined  had  pe  r.s  i  s  f  en  f  objective  evidence  of  neurological 
involvement.  At  that  time  six  of  the  cases  were  admitted  to 
Bangkok  General  Hospital  for  intensive  evaluation.  All  had 
normal  physical  examinations  and  routine  laboratory  studies 
except  for  neuropathy.  Nerve  conduction  studies  showed 
impairment  in  five  of  the  six  cases  studied.  Sunil  nerve 
biopsies  in  riiese  five  cases  .or.:  non-diagnostic,  and  no 
evidence  of  intlamafion  was  found., CSK  was  normal  in  all  six 
cases.  Screening  for  toxic  metals  in  blood  and  hair  was 
negative.  Scrim  specimens  wc  re  obtained  f  run  2)  neuropathy 
cases,  0]  healthy  young  adult  household  cohabitants  of 
neuropathy  cases,  and  02  randomly  selected  young  adult  camp 
residents.  Sera  were  tested  for  eievafed  dengue  antibodies  by 
1 :  A I  (titer  >lb<>)  and  IgO  antibody  capture  immunoassay 
(absorbance  F>e  ra  from  11  of  13  cases  of  neuropathy 

with  fever  had  evidence  of  recent  flavivirus  infection, 
whereas  only  1  of  8  cases  of  neuropathy  without  fever 
(p=.!"  2)  and  11  of  81  random  coin  rots  (p<  10 “-6 )  did. 
household  contacts  of  tehril*  eases  hud  a  higher  prevalence 
i.l  nigh  tlivivirus  antibodies  than  did  contacts  ol  afebrile 
eases  or  random  controls  (pk’.  'e!  for  both).  Isolations  were 
.lot  attempted  from  case  sera  is  no  specimens  were  available 
I  rum  acute  cases.  Isolation  attempts  f ron  all  live  sural 
nerve  specimens  u<>  re  negative.  Two  viruses  were  isolated  from 
cedes  ag vpt i  collected  in  case  houses;  noth  were  dengue  type 
i.  The  pathogenetic  relationship  between  f;ie  dengue* 
infections  and  neuropathy  in  these  cases  is  not  clear. 

K"  TV  KF  mur'iTIVr.S: 


(1)  Dengue*  should  he  considered  among  the  possible 
causes  of  acute  peripi.erij  neuropathy  with  feveC. 


3.  In  Vitro  Den  iue  Anti'ev’y  Synthesis  by  i’a t  i en t 
Peripheral  blood  llononucle.ir  Leukocytes 


*■**■■'  t  *  *>*.  -tjiMwimi-  «*w**»» 


PROBLEM:  There  are  no  currently  available  methods  for  r.he 

rapid  diagnosis  of  dengue  virus  infections.  In  our  previous 
attempts  to  develop  a  n  '  lble  method,  we  have  taken  two 
conventional  approaches:  firsr,  to  defect  virus  specific 
antigens  in  blood  or  other  clinical  specimens,  and  second,  to 
detect  virus-specific  early  antibody  (IgM)  in  serum.  Neither 
of  these  approaches  has  proven  fully  satisfactory.  Relatively 
low  levels  of  virus  and  presumably  virus-specific  antigen 
circulate  in  the  blt-d  during  acute  dengue  (as  compared  to 
sane  ofliei  virus  dir  -ases  such  as  hepatitis  B) ,  and  of  what 
little  there  is,  i.  is  often  blocked  by  the  patient's  own 
antibodies,  especia  ly  in  secondary  infections.  (Xjt  efforts 
at  detection  of  virus-specific  early  antibody  in  patient  sera 
were  partially  successful  in  that  a  rapid  and  specific  solid 
phase  antibody  capture  immunoassay  was  devised.  However,  the 
dlagnost  c  sensitiviry  of  the  assay  was  entirely  dependent 
upon  rhe  rime  after  the  onset  of  illness  that  the  test  serun 
sjmple  was  obtained.  In  most  patients  with  primary  dengue, 

IgM  anti-dengue  activity  could  nor  be  defected  in  senm 
obfalne.i  at  the  time  of  admission,  not  until  a  few  days 
later.  i  our  preliminary  studies  with  the  antibody  capture 
i  -im unoj  .say ,  wc  noted  that  this  type  of  assay  is  especially 
powerful  In  the  detection  of  virus-specific  antibodies  in 
biological  fluids  with  low  total  antibody  content  but  in 
which  the  specific  activity  of  that  anribody  is  high.  We 
reasoned  that  one  such  biological  fluid  with  a  low  total  Ig 
content  out  a  high  specific  acrivity  was  recently  synthesized 
antibody  by  leukocytes  f ran  acutely  infected  dengue  patients. 

PROGRESS:  Ouring  rhe  last  half  of  1982  and  early  in  1983., 

we  obtained  peripheral  blood  mononuclear  leukocytes  (PBML) 
f run  108  patients  hospitalized  with  a  provisional  clinical 
diagnosis  of  DUK  at  Childrens  Hospital.  Clinical, 
serological,  and  virological  evaluation  of  the  patients  was 
according  to  standard  AFRIMS-BCH  protocol  (see  PHF-fAlO  1982). 
S“V"it  o:  these  cases  were  subsequently  proven  tu  not  be  due 
r  dengue,  while  1C1  were  dengue  related.  Eleven  of  rhe  101 
sb.ow.d  a  primary  seroresponse  pattern,  and  90  a  secondary 
sort  expense  pattern.  Of  rhe  secondary  cases,  88  had 
•I  i ag nosf icai 1 y  high  levels  of  dengue  KAI  antibodies  (>  1:1280 
tu  ..t  least  one  antigen)  in  the  acute  serum  sample,  while  22 
had  relativity  low  (non-diagnostic)  levels  of  UAI  antibodies 
in  r.he  acute  serum.  Ficol  -  hypaque  purified  PBN1.  were  washed 
extensively  and  the  cells  were  dispensed  into  wells  of  a  98 
well  polystyrene  "U"  bottom  plate  in  which  specific  wells  had 
,:een  previously  sensitized  with  goat  anit-mu  or  anti-gamma 
human  immunoglobulin  heavy  chain  specific  anti-sera.  One 
hundred  microlifers  of  cells  were  added  to  sensitized  wells 


i 

( 


at  concent  rat  ions  of  i fl~6 ,  |0~5,  and  10“4  cells  per 
milliliter.  No  specific  antigens  or  mitogens  were  added. 

Equal  aliquots  were  eulrured  as  intact  cells  without 
inhibitors,  intact  cells  with  cycloheximlde  (2.5  raicn.-grams 
per  a  i  11  i  1  iter) ,  or  as  cells  which  were  disrupted  by  one 
cycle  of  rapid  freezing  and  thawing.  Patient  sera  and  control 
sera  containing  known  dengue  antibodies  were  tested  oo  each 
plate.  Plates  were  incubated  overnight  ar  37  C.  in  52  C02, 
then  washed.  "Captured"  l gC  or  IgM  was  detected  by  stepwise 
addition’ of  dengue  type  two  suckling  nouse  brain  antigen, 
hyperimmune  antiflavirus  IgG  conjugated  to  horse-radish 
peroxidsase,  and  .substrate,  as  would  normally  be  done  in  our 
standard  antibody  capture  immunoassay  procedure  for  serua.  A 
positive  result  was  defined  as  an  absorbance  value  of  >2 
times  the  absorbance  value  obtained  using  the  known  negative 
cont rol  se  nra  at  a  1:100  dilution.  Only  in  the  last  66  cases 
studied  was  rhe  activity  of  the  disrupted  PBML  studied. 
Activity  detected  in  the  disrupted  celi  aliquot  was  taken  to 
be  due  to  preformed  intracellular  iraounoglobul in .  Results  are 
summarized  in  the  tollowing  tables. 


PATIENT  GROUP  ’< 

TESTED 

■M  SYNTH 

C,  SYNTH 

M  OR  ( 

NOT  DC  .'HU" 

7 

0 

0 

0 

PRIMARY 

1 1 

7 

1 

7 

SECONDARY  (LOW) 

22 

3 

17 

17 

SECONDARY  (HIGH) 

68 

22 

68 

68 

PATIENT  CROC?  TESTED 

NOT  DENGUE  4 
PRIMARY  6 
SECONDARY  (LOW)  li 
SECONDARY  (HIGH)  43 


INTRACELL  INTKACELL  INTRACELL 


M  G  _0£  £ 

n  o  o 

5  1  5 

1  8  8 

7  45  45 


These  results  Jenonst rate  that  during  acute  dengue 
infections  there  are  ceils  circulating  in  rhe  peripheral 
blood  that  are  actively  s  ynt  lies  i  z  i  ng  dengue  antibodies. 
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FUTURE  OBJECTIVES: 


1.  This  unique  approach  tor  the  rapid  diagnosis  of  acute 
dengue  infections  should  be  developed  further.  Attempts 
should  be  made  to  demonstrate  specific  antibody  containing 
cells  by  staining  of  washed  viable  cells  in  suspension  and 
staining  intact  but  fixed  cells.  Ideally  these  intact  and 
viable  or  fixed  cells  could  bo  precisely  quantitated  through 
rhe  use  of  a  fluorescent  activated  cell  sorter. 

2.  PBHL  obrained  f rcra  the  acute  blood  of  OKF  patients 
should  be  used  ns  fusion  partners  for  the  development  of 
human  anti-dengue  monoclonal  antibodies. 

3.  The  general  applicability  of  this  diagnostic  approach 
for  other  infectious  diseases  should  be  evaluated. 


4.  Develuiwent  of  Dengue  Type-Specific  Serologic 
Assays  Using  house  Monoclona 1  Antibodies 

PROBLEM:  Existing  serological  methods  for  determining  the 

infecting  virus  type  in  dengue  virus  infections  are  based  on 
the  neutralization  of  virus  growth  in  cell  cultures  or  in 
Inoculated  animals.  These  methods  are  time  consuming, 
relatively  ex]>ensive,  and  require  expertly  trained  technical 
staff  for  their  performance.  We  hypothesized  that  a  new  assay 
for  sero— type  soecific  antibodies  in  himan  sera  could  be 
developed  using  type-specific  murine  monoclonal  antibodies. 

We  envisioned  resting  human  sera  for  their  ability  to  block 
the  attachment  of  a  labelled  mouse  monoclonal  antibody  to  its 
epitope  on  the  homologous  dengue  virus  surface  glycoprotein 
(  V3)  . 

PR'JCKESS :  One  hundred  and  forty-two  dengue  antigen-reactive 

but  otherwise  largely  uncha  rac  te  ri  zed  monoclonal  antibodies 
in  the  form  of  cell  culture  supernatant  fluids  (CCF's)  were 
shipped  from  WRAIR  to  AFRTMS.  CCF's  were  screened  by  antibody 
caprure  radioimmunoassay  or  enzyme-linked  immunoassay  (ACRIA 
or  ACELISA)  as  follows:  (1)  the  plastic  solid  phase  was 
sensitized  with  goat  anti-mouse  IgG  (2)  CCF  at  a  1:10 
dilution  was  added  to  saturate  all  binding  sires  on  rhe  solid 
phase  (3)  dengue  antigen  in  the  form  of  supernatant  fluid  of 
cultures  of  Infected  C6/36  cells  was  added  (4)  bound  antigen 
was  detected  with  iodine-125  or  peroxidase  labelled  human 
convalescent  1)UF  IgC .  Binding  of  an  antigen  to  the  fixed  CCF 
was  quantitated  as  the  "relative  antigen  binding  activity" 
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antibodies  at  a  rwnore  site  may  alter  the  structure  of  a  type 
specific  «plrop«.  Additional  cross-blocking  exporimanta  srs 
underway  fo  duvelop  a  more  cosplate  opiropic  map  of  the 
dengue  V3  and  to  dsflns  more  precisely  tlio  nature  of  rhe 
”  promotion"  phanoaenon. 

niTUHE  OBJECTIVES t 

(I).  Development  of  type-epeclf lc  serologic  assays 
should  continue  as  s  high  priority  effort.  Alternative 
approach***  using  monoclonal  antibodies  should  he  explored, 
such  as  th*  definition  of  those  clones  that  react  with 
"linear  structure  defined"  epitopes  and  the  preparation  of 
ol Igopept id*  antigens, 

( .? )  «  Monoclonal  antibodies  should  In*  raised  against 
virus  strains  native  fo  Thailand,  In  an  ett'orr  ro  develop 
strain,  rather  then  type  specific  assays,  for  use  in 
epidemiological  studies. 


3  ■  Arne  hedonic  Acl  1  ‘Ict.ibul  ltes  as  Med  la  r  ors  of  the 
Inc  rcaavd  Vaacula  r  P  ranee hi 1 1 1 y  of  Dengue 
hemorrhagic  ^evr  r 

PsUHI.iJl :  Dengue  hemorrhagic  fever  is  cha  rac r e rl  zed  by  fever, 

r  h  run  bocytopenia  ,  Increased  vascular  p«  mesh  1 1  i  r  y  (as 
evidenced  by  an  elevated  ht»*i«r  oc  rl  r )  ,  and  variable  degrees  of 
bleeding  ranging  from  a  positive  tourniquet  rest  fo  overt 
najor  gas r rol n f es t 1 na 1  hemorrhage.  In  moat  patients  the  major 
1 1  fe-Mi  reuf  enlng  pa f hopliys  1  ol og  1  ca  1  event  Is  an  abrupt 
increase  In  the  vascular  permeability  at  rhe  time  of  rhe 
onset  of  the  shock,  bio  systematic  study  of  Mu*  po*ntinl 
mediators  of  this  Increase  in  vascular  permeahliry  have  been 
made.  Since  rhe  macrophage  and  other  phagocytic  cells  of  rhe 
re f  1  eu  1  oendof lie  1  lei  system  er*  rhs  main  cells  Infected  during 
l)MF,  and  since  at  laast  »m*  macrophage  lysosomal  enzymes 
such  as  acid  phosphatase  ar*  released  into  the  plasma  during 
acute  UHK,  a  reasonable  hypothesis  is  rhaf  Hit*  vasoactive 
mediators  of  shock  in  D(IF  s  re  synthesized  and  released  by 
macrophages.  Recently  Austen  and  colleagues  developed  a 
radioimmunoassay  for  the  defection  and  quant  I  r a 1 1  on  of 
leukof rlenes .  Leukot ri enes ,  like  prostaglandins ,  ore 
■netabol  1  r*s  of  arachtdonlc  aetd,  and  they  have  been  shown  to 
nc  potent  mediators  of  Immediate  typo  hype  rseriK  1  r  1  v  1  f  y 
reactions,  especially  vascular  p*  rmoab  I  l  i  f  y  ,  Wo  therefor*  set 
out  to  measure  plasma  and  leukocyte  1 e ’ "la  of  leukot rlenes 
and  other  vasoactive  aruchldooic  acid  metabolites  In  DID'. 


PROGRESS : 


Ten  .n  i  i  1  i  lifers  of  ac  ld-c  i  f  raf  e-dexf  rose 
•inf  i  coagul 1  ci  Mon:!  were  obtained  on  'n.Hpif.il  day  1  ,  t'  j  2, 
and  day  J  >,  iron  six  ;'.,i  |.>nf  >  cii..c.  1  d  i  ag  noses  of  D.iF 

wifil  shock  af  flhildre-'s  •:o-,;ir.  .  .  was  p  r«c  i  p  i  r  a  f  ed 

with  cold  ethanol  md.  he  ,u  .-  r...,  i  a,  o  i.rin  on  i  a  f  <>  1  v  f  ro.ti-n  . 

Pe  t"i  j'l.o  ra  i  Mom!  •>  n  --n  !  »•  i  r  •  .1.  a  .•«  wore  ohf  lined  tty 
Kicol  -liyp.itjue  i  ra  t  i .  ,n  1 1  i  -n  ,  .  ?  i  v  -.!>_;!  info  lour 

aliqoufs,  and  two  a  1  i.rpi  .f  •,  ear'.  ...••!•  at  ed  for  -i  inuf.es  or  2 

hours.  'Die  enr  i  re  ru  I  t  n  »vs  .  .  re  Men  ,ua[  !  rn.-."i  in  liquid 
nitrogen.  PI  a  si  a  and  i  •• !  1  c  1 1  n m  «  ransporfed  r<>  *i«»s  r  on 
for  testing.  To  date  .  i ;  j  p!  is’ias  been  rested  by  KIA  for 

1  eukof  i  tenes  (,T  a  n>  f  P.«,  ’  i  T  .  re  ■  .  <  results.  !  I  .Vs  of  the 

1  t*nK  .»  san  pies  ii<  iof  /  >n  .  ■  -f  ,  .  acted  .-.an-,  p  I  es  will  he 

f  rec  f  1  ana'ed  by  hi,  ■  -',err.  .  ui  !  .  • :  i  ruj.it  of;  ruphy  to 

test  for  Inin  uno-un  r.  a  c  t  i  .  e  !  ,*u-  1  i;e;us. 

HilVRt.  OiUi  flT!  V;  S: 

1.  A  systematic  ..•».!  ii.te-  rp..:;  sea  re  n  .‘or  po-.siMe 

tied  i  .1 1  o  rs  ol  the  increase.:  vn~cn,’  if  pe  r~. i  i  i  t  y  in  {ill*-' 
should  be  unde  rf  a  i  .  o  .  -'1!  r .  •’»  t  j  .i  1  ne.:  i  iters  should  tie 

sought  and  ca  re  f  u  1  1  v  -teaser.-:,  such  at;  i  s  r;n  i  ne  ,  kinins,  and 

connli'sent  factor,  ,  •  ,  ,e  1  1  is  it-im.'  I  eic  acid  met  a  bo  1  i  t  cs  . 

2.  (iiniral  s.e,  ineri-:  id.t  a  i  ne  I  •!  i  reef  1  v  !  run  patients 

should  t'e  inoculated  :  >  /■>■■■  t  !  v  i-ifa  an:  ropriat  e  bioassay 

s  ys  f  e-n  s  (such  as  t:n.-  h.i-istor  ."u-e-:  pnerl.)  in  an  effort  to 
d  e  t  e  r  r  c  i  re  1 1 1  i  f  i  n  -.  a  eC  i  a  f  i  r  - ,  . 

c.  (V  v*.- 1  '.nr  e  p '  *f  a  Su*'—  ■ :n .  i  ’  -  1 1  a  ’f-i.'el 

f  •>  r  bet:  Ma  t  1—  r  i '  -  a  •  ;  .  !  e\  ••  ■ 
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IjiIK  -..’e  r,-  available,  ,,t  i  .  ■  t  'n  h  v.  -cic  i  -  •<'••!  in  the 

past  have  been  tot. ill.-  >  if a. -c  e  •  ■,:•,!  .  'nr  recent  e;  i  le  n  1  o  1  Oi;  i  C 
studies  ol  f'hF  in  li.a  i  ei'.int,  unde  r  one  ve.i  r  ol  n;e  ,  taken 
together  ul  Mi  sunpo  rt  i  :i  ;  I  a  bur i r o r >  data,  have  singes  f  ed  a 
critical  role  for  ant  i  f.o-1  v-.Iepi.-itdept  ennanr  enen  r  of  virus 
growth  In  cells  with  Ft  recept  ors  .  We  therefore  sought  to 
develop  such  a  -loib-J  t.n  in’. nit  hi'l  based  on  rltis  i:urri'iih 
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epidemiological  and  labocafory  information. 

PROCKESS :  Over  a  series  of  seven  experiments,  total  of  44 

primates  were  tested:  17  were  control  animals  which  received 
either  no  virus  inoculation  or  no  pre-  treatment  with  dengue 
immune  serun,  tdtile  27  received  seme  combination  of  serun  and 
virus  that  might  be  exacted  to  produce  enhanced  virus  growth 
in  vivo.  "The  virus  strain  Den  2/D80-616  was  used  throughout. 
This  virus  was  selected  because  it  had  caused  a  fatal  Illness 
in  a  human  infant  and  showed  good  "enhancability”  in  vitro. 
Five  different  antibody  preparations  were  tested  in  the 
model:  (1)  Serum  2734/80,  obtained  from  the  mother  of  case 
D80-616  at  the  time  the  infant  was  admitted  to  the  hospital, 
(2)  serum  1799/81,  obtained  from  the  same  woman  approximately 
18  months  later,  (3)  serum  0653/82,  obtained  from  the  mother 
of  another  infant  L)HF  case  about  two  years  after  the  death  of 
the  child,  (4)  mouse  monoclonal  antibody  AD2-4g2,  which 
reacts  with  a  flavlvirus  group  determinant  on  the  surface 
glycoprotein  (V3)  of  the  dengue  virion,  and  (5)  Rhesus  monkey 
monotypic  Dengue  1  immune  serum  E-87.  In  all  series  the  test 
primates  were  inoculated  with  a  dose  of  serum  which  was 
calculated  to  give  a  dilution  of  antibody  in  the 
ext racel lula r  fluid  space  which  would  give  maximum 
enhancement  of  growth  of  strain  D80-616.  Of  the  27  test 
animals  only  one  animal  died:  infant  Rhesus  monkey  DA-9  died 
with  profound  f h rum boc yt open  la ,  diffuse  internal  and  external 
hemorrhages ,  and  sustained  viren ia .  At  necropsy  this  animal 
was  found  to  have  a  single  large  ruberculous  mediastinal 
node,  with  absolutely  no  evidence  of  disseminated  disease 
elsewhere.  Other  than  diffuse  hemorrhages,  little  patholgy 
was  found.  Dengue  virus  was  isolated  from  liver,  spleen, 
lymph  nodes,  and  thymus.  Another  animal  In  the  same  trial 
(DA-4)  also  developed  sustained  r It  roboc yt pen i a  but  did  not 
die.  Both  DA-9  and  DA-4  had  been  inoculated  with  serum 
1  799/81  ,  Attemprs  to  reproduce  this  experiment  using  the  same 
serum  in  tuberculin  skin  test  positive  animals  were 
unsuressfui.  None  of  rhe  other  experimental  animals  In  the 
other  trials  developed  signs  of  DHF-like  disease,  although 
occasional  low  platelet  counts  were  seen, 

FUTURE  OBJECT  IVES : 

(1)  Attempts  to  produce  a  model  of  DHF  should  continue. 

(2)  Possible  strategies  include  duplication  of  the  human 
situation  as  closely  as  possible  by  immunizing  female 
primates  before  pregnancy  so  rhat  the  Infants  are  rendered 
passively  immune  through  transplacental  antibodies,  or  by 
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inocu  la  r  i  ng  primates  wirli  carefully  selected  monoclonal 
antibodies  with  espec  i  1 1 1  y  sf  ron,;  cnii.ini'  in,;  properries. 

(  '' )  In  ,‘ufurc  models  the  state  of  activation  of  the 
re r  i c ul oeudorhe 1 i a  1  system  tuisr  be  careful  controlled. 


7.  In  Vifrj  Antibody  Synthesis  by  Leukocytes 
Obtained  iron  the  Blood  and  Ce  rch  rospina  1 
.  u  i  1  of  Patients  with  Acute  Japanese  Kncepha litis 


Pnt.Bld'.li:  In  the  course  of  development  of  the  antibody 

capture  assay  lot  t  ae  rapid  diagnosis  of  Japanese 
encephalitis  virus  infections  through  ftic  detection  of  virus 
spirit  ir  antibodies  in  tiie  ce  reb  rospina  1  fluiu,  we  nored  rliat 
the  activity  of  anfi-JT  Ip,M  and  Ip, (I  in  CSK  was  greater  titan 
coulo  he  accounted  tor  by  passive  diffusion  alone.  The 
assumption  lias  previously  been  tilde  that  antibodies  are 
s  y.  f  in  s  i  /.<•■.!  in  the  tun  an  CVS  during  encephalitis  ,  but  this 
.  nevi  r  ;ieen  d  i  rectly  proven.  Because  we  have  Iteen  able  to 
.’erect  antibody  synthesis  I>y  peripitral  blood  mononuclear 
I euKoe/f  es  ( !  ’  H : : ! . )  obtained  f ron  the  blood  of  patients  with 
,i.:i  -in-  i  af  ei.  t  i  <>i;,s  ,  we  set  out  to  rest  the  hypothesis  that. 

•  i'ltdiMTi:,  n  iiiomic  le.i  r  leukocytes  actively  synthesize  Jli 

•  i.it  ii..«iii'S  in  fiii-  peripheral  blood  and  in  the  CMS  during 
..cute  ,u  infections  of  hun  ins  . 

i'YOI.eSS:  All  patients  admitted  to  the  Ham  pang  pile  t  , 

1  :.i  i  laud  provincial  Hospital  Juring  rhe  10H2  JK  season  witli  a 
i-  1  itic.il  suspicion  of  infection  of  the  CNS  were  studied.  PBML 
uni  i  JK  i  I'uki  >e  yt  es  were  extensively  washed  and  cultured  for 
72  :  our.  v-iteout  specific  anri  ;eii  i  c  or  mitogenic  stimulation, 
uiw  ',:u  cult  nri,>  suite  ma  r  ant  )  1  ui  ts  tested  tor  JK  IgM  and  IgC 
:  ■:  inf  i  body  capture  immunoassay.  Sixteen  cases  were 
,iu;-..  ijuent  1  •/  proven  to  >e  due  to  JK  by  conventional  serologic 
ec.ic.i  tvs  mu  12  -ere  j  roven  to  be  not  due  to  JK.  None  of 
r  ! :  i 1  cultures  of  cells  Iron  the  blood  or  CSK  of  control  cases 
(or  '•; )  owe  i  it.  v  synthesis  of  JK  ant  i  bodies.  Admission 
‘W.'.i.  i  rui  ii  c  i sis  shouei  and  I  ■(;  synthesis  in  9  and  1L 

vises,  r,  tpec  f  i  ve !  y .  i'SK  culls  f  run  i  cases  showed  in  vitro 
synthesis  of  I.;C  and  one  also  showed  synthesis  of  Ij>M.  Cases 
in  which  JK  ant  i  oody  synthesis  by  CSK  leukocytes  could  be 
JenoiiSf  r.j  f  cd  re:n;.-j  to  Le  older  tiles  with  more  mental  status 
itpii  n.:it  ,  hi.;  I  e  r  CSF  leukocvte  counts,  and  greater  and 
broader  si-r-.ti  se  ro  response  patterns  than  did  JK  cases  in 
wilier,  synthesis  by  CSK  leukocytes  could  not  be  demonstrated. 


FUTURE  OBJECTIVES: 


(1)  Techniques  should  be  developed  for  rhe  histochem  leal 
and/or  immunof  luorescent  idenr  if  leaf  ion  and  quanr  i  far  i  on  of 
JE  specific  anr.ihodv  producing  cells  in  brain  and  CSF. 

(2)  Circulating  PBilL  and  CSF  leukocytes  f  run  acutely  ill 
JE  pationtt,  -nay  be  suitable  "fusion  partners"  for  the 

Jeve  1  op-nenf  of  JL  specific  human  monoclonal  antibodies. 


fi .  Isolations  of  Japanese  Encepha  litis  Vi  rus 
f  rom  Kan  pa ngphet  ,  Thai  land ,  1032 

PKOBLB?!:  To  isolate  strains  of  Japanese  encephalitis  vims 

f  ran  a  number  of  human,  pig,  and  mosquito  sources  in  an 
of  idem  ic  area  for  comparisons  of  molecular  characteristics. 

PKQOKESS :  Ixjring  the  rainy  season  of  19H2,  a  prospective 

surveillance  of  encephalitis  in  a  province  about  200 
kilometers  north  of  Bangkok  was  established.  All  cases  of 
encephalitis  seen  at  rhe  hospital  we m  examined  and  tested 
using  the  MAC  ELISA  for  evidence  of  IgM  anti-JE  virus 
antibody  in  file  CSF.  Homes  of  selected  confirmed  cases  were 
visited,  and  mosquito  traps  put  out.  JE  seronegative 
scnrinnl  pigs  were  placed  in  rhe  vicinity  of  several  of  these 
homes.  Mosquito  collections  and  pig  bleedings  were  performed 
every  fnirj  night ,  on  the  average,  during  file  pe  ri  od  of 
greatest  transmission  of  Jk  virus.  Fig  sera  were  rested  for 
rtie  appearance  of  JK  antibody  and  virus  sought  in  specimens 
collected  ■'*  to  7  days  before  rhe  seroconversion,  since  pigs 
would  have  been  most  likely  to  be  viremic  at  that  time. 
Vosquito  collections  were  sorted  and  speciated.  Fools  of  200 
mosquitoes  we  re  analyzed  by  using  an  ELISA  for  rhe  presence 
of  JE  antigen  and  cultured  by  inocularion  of  0/16  aedes 
albopict us  cells.  Initially,  ELISA  and  culture  results  were 
compared,  but  because  of  the  large  number  of  pools,  ELISA  was 
subsequently  relied  upon  for  screening. 

RESULTS:  Five  hundred  and  six  mosquito  collections  were 

performed.  One  hundred  and  eleven  of  rtiese,  containing 
1,759  pools,  (16  pools  (XT  trap)  wirh  a pp rox imat el y  150,000 
mosquitoes  have  been  sorted.  VM rus  isolation  f ran  70  of  the 
111  counted  traps  lias  been  completed.  54  Viruses  have  been 
isolated  (Table  1),  almost  exclusively  f rum  dry  ice  baited 
light  traps. 


Table  1. 


f.'urn  be  r 


JE  Virus  Isolations,  Kampangphet,  1982.  (As  of  20  Oct 


Vi  rus 


22 

5 

i  3 

6 
7 

A 

i 


JKV 

JKV 

Tem  busu 
Flavi  vi  rus 
Of  he  r 

JKV 

JKV 


Her h o<l  pt  Confirmation  Source 

Mosqui ro 


Neur  ra  I  i  za  r  ion 


Ir'A  (neur  pending) 
No. if  ra  1  ization 
1 F A  (neut  pending) 
6  sour  fo  YAKU  for 
idenf. i  t  icar  ion 
IK  A 
I  FA 


Mosqui r  o 
Mosqui r q 
Mosqui ro 
Mosqui r  o 

Fig  se nn 
Honan  brain 


Ut  26  JK  virus  isolates  analyzed  thus  far,  19  were 
;!•"  »  «  ^ ««« «»**„  „„  the .  ; 

ItlT,  '  IE  '  *"»'“•  l™.  CLISA  nes„Oo 

pools.  The  mean  F.LISA  OD  for  ELISA  positive,  culture 

positive  pools  (defined  as:  OD  >  2  x  (Control  negative 
mosquitoes)  was  0.137,  as  con  pa  red  to  a  mean  of  0.025  for 
control  pools.  ■n.e  mean  of  culture  positive,  ELISA  read  rive 
po“  •  ““  ••  win,  „  0.6,4  (2 

conflmlns  fl,ar  th.  SUSA  method  J„„s  „o, 
oistinguish  all  positive  pools. 

infection  \  ^  Se  rial  1  v ,  HA  I  rises  indicated 

infection  in  JO.  JK  virus  was  Isolated  f run  4  of  these.  One 
isolate  was  obtained  f run  a  human  brain. 

r~~r ^ny  ELISA  positive  pools  remain  to  culture 
on  tissue  culture,  Th  ree  of  the  IF  stninc  k,  , 

USAMP 1 7,i  ft  ■  s  rdlns  have  been  sent  to 

bSAlRIID  for  f  ngerpnntmg.  Mosquito  sorting  should  be 

completed  within  2  months,  so  ecologic  variables  can  be 
anal yzed  . 


CONCLUSION’; 


1.  Mosquito  and  [tip,  collections  in  epidemic 
productive  sources  of  JK  virus. 


areas  are 


2.  The*  ELISA  for  screening  pools  of  mosquitoes  is 
sonewf.at  insensitive,  but  considerably  less  rime  consuming 
than  the  culture  method.  Its  use  is  appropriate  wherw  large 
nunbers  of  specimens  require  screening. 


3.  Large  amounts  of  JK  virus  circulate  among  the 
and  amplifier  hosts  in  M,c  northern  pa  rr  of  Thailand* 
epidemics  of  encepha 1 i t is . 


vec  tors 
during 


FUTURE  OBJECTIVES: 


collect  ions 


Analysis  of  the  mosquito  and  pig 
lias  proved  fruitful  in  that  ail  goals  for 


Isolation  of  virus  strains  were  met.  However,  the 
unanriiciapted  large  miaber  of  mosquitoes  has  resulted  in  an 
extremely  large  work  load  for  the  laboratory.  Analysis  of  a 


sample  of  rhe  pools  may  be  necessary, 
dara.j  tills  study  will  be  caaplete. 


After  analysis  of  the 


9 .  Devel opmenf  of  IgM  Ant 1-Rab les  Ant  1  body 
in  the  CSr  of  llunans  with  Rabies 


PROBL 


.EM: 


To  test  the  hypothesis  that  formation  of  antiviral 


IgM  antibody  can  be  defected  in  the  CSF  of  patients  with 
rabies  by  applying  principals  learned  in  the  study  of 
Japanese  encephalitis. 

BACKGROUND:  This  laboratory  has  reported  the  development  of 

an  IgM  capture  method  of  defecting  virus  specific  antibody  in 
the  CS'F  of  patients  wi  rh  encephalitis  due  to  Japanese 
encephalitis  virus  (Burke,  DS.,  et  al.  Antibody  capture 
immunoassay  detection  of  Japanese  encephalitis  virus 
immunoglobulin  M  and  G  antibodies  in  cerebrospinal  fluid.  J 
Clin  Microbiol,  pp  1034-1042,  (1982).).  A  similar  assay, 
using  anti  human  mu  chain,  test  CSF  or  serum,  inactivated 
rablesjvirus  in  the  form  of  Merieux  rabies  vaccine,  and  1125 
labeled  rabbit  anti  rabies  antibody  was  developed.  We 
previously  reported  that  this  test  allowed  detection  of  IgM 
antibody  in  the  serum  of  many  individuals  receiving 
pre-exposure  rabies  prophylaxis.  More  recenrly,  we  have 
evaluated  the  test  in  several  patients  with  confirmed  rabies 
encephalitis  . 

PROGRESS :  To  date,  three  patients  with  rabies  encephalitis 

have  been  tested.  Serial  CSF  and  Se  run  specimens  were 
collected  and  tested  in  the  rabies  MAC  RIA  and  neut ral Ization 
assa  ys  .! 

The  first  patients  developed  no  detectable  antibody  of 
any  type  in  their  CSF  prior  to  death.  However,  the  third 
pat  ient  idem  onst  rated  a  dramatic  rise  in  r  lie  CSF  and  serum 
IgM  jusd  prior  ro  dt-jth.  The  specimens  which  contained  the 
IgM  antibody  were  the  only  ones  in  rhe  three  patients  in 
which  specific  neut rallzing  antibody  was  detected  (Table  I). 


Table  1.  Anti-rabies  antibody  in  serial  specimens  of  .1 
patient  with  confirmed  rabies. 


Days  to 

CSF 

Se  rum 

Rabies  IgM 

Date 

Death 

p/n 

p/n 

neut  peak 

3/12 

12 

.9 

1.4 

- 

3/13 

11 

1.2 

1.1 

- 

3/15 

9 

.9 

1.0 

- 

3/17 

7 

1.0 

1.4 

- 

3/19 

5 

.9 

1.5 

- 

3/20 

4 

1.4 

1.5 

- 

3/21 

3 

1.0 

1.6 

- 

3/22 

2 

1.3 

2. 1 

+ 

3/23 

1 

1.9 

2.5 

+  + 

3/24 

0 

1.9 

3. 1 

+ 

Sucrose  density  gradient  fractionation  of  the  serum  and 
CSF  samples  f ram  this  patient  demonstrated  the  appearance  of 
a  19  s  peak  in  the  antibody  in  the  late  serum  and  CSF 
specimens,  confirming  the  presence  of  IgM  antibody  in  these 
specimens . 

In  contrast  to  the  regular  appearance  of  virus  specific 
anti  JE  antibody  in  Japanese  encephalitis,  the  occurrance  of 
IgM  anti-rabies  antibody  in  the  serum  and  CSF  of  patients 
with  rabies  was  seen  in  only  one  of  three  patients  studied. 
The  test  results  were  slightly  more  positive  in  the  serum 
specimens,  suggesting  the  possibility  that  diffusion  of 
antibody  could  account  for  the  CSF  positivity.  The  rise  in 
the  counts  in  this  test  near  the  time  of  the  patient's  death 
suggests  that  the  antibody  was  not  effective  in  halting  the 
progress  of  the  disease. 

CONCLUSIONS:  IgM  antibody  may  appear  in  the  CSF  of  rabies 

patients,  but  does  not  seem  to  do  so  in  s \ 1  cases. 

FUTURE  OBJECTIVES:  This  rest  provides  an  assay  that  may 
facilitate  an  understanding  of  the  pathogenesis  and  treatment 
of  rabies.  However,  the  test  gives  low  levels  of  positive 
results  even  when  It  is  positive.  Although  it  has  limited 
promise  as  a  diagnostic  test,  further  evaluations  of  clinical 
specimens  should  be  done. 

10.  Detection  of  Rabies  Imm unog 1 obu 1 i n  in 
.Serum  and  Ce  reb  rospina  1  Fluid  of  Quarantined 
Dogs  by  IgM  Antibody  Ca p t u re  RIA 

PROBLEM:  Rabies  is  an  important  zoonotic  disease  in 

Thailand.  Presumptive  diagnosis  may  be  made  on  clinical 
signs  but  confirmation  is  not  made  until  the  dog  dies  or  is 


1. 1  -> 


euthanized  and  specific  fluorescent  antibody  staining  of 
brain  tissue  for  rabies  virus  antigen  is  conpleted.  An 
anf enortun  diagnostic  technique  would  be  valuable  to  pecnit 
initiation  of  prophylactic  therapy  of  the  patient  without, 
euthanizing  the  dog  or  waiting  until  death  occurs. 

OBJECTIVES:  To  determine  if  rabies  infection  can  be 
diagnosed  in  the  living  animal  by  detecting  rabies  specific 
I  g !  in  the  se  run  or  cerebrospinal  fluid. 

PRdCRKSS:  Sc  nr*  S  CSF  samples  were  obtained  f  run 

t hi rry-seven  dogs  that  were  held  in  rabies  quarantine  at  the 
Thai  Red  Cross  Society.  Twenty-four  of  these  dogs  developed 
typical  clinical  signs  of  rabies  and  died  f run  one  to  three 
days  after  entering  quarantine.  Mouse  inoculation  of 
hippocampus  f ran  the  brains  of  these  dogs  resulted  in  death 
in  21  of  24  of  the  injected  litters  and  brain  smears  of  these 
nice  were  all  positive  by  FA  for  rabies.  Six  of  the  rabid 
dogs  had  rabies  virus  in  their  CSF,  which  was  eenonst  rated  by 
mouse  inoculation. 

Thirteen  of  the  quarantined  dogs  did  not  have  rabies  and 
all  but  one  survived.  This  dog  died  of  a  canine 
d i s ten  pc r-1 ike  illness  but  the  specific  cause  of  death  was 
not  determined.  An  immunoglobulin  M-antibody  capture 
rjJ  i o i n:n uuoassay  (MACRIA)  was  performed  on  eacti  se  run  and  CSF 
s. tuple.  Significantly  higher  counts  per, minute  (cpn)  were 
found  in  the  CSF  S  se  run  of  the  21  dogs  wi  r  ii  proven  rabies 
when  they  were  compared  with  the  13  non  rabid  dogs.  The 
three  dogs  that  died  following  a  clinical  rabies  illness  had 
negative  mouse  inoculation  tests  but  significantly  higher  CSF 
and  serum  MACK  IA  counts  than  the  non-rabid  dogs.  The  ratio 
of  flu*  CSF:  senjm  cpm  in  known  rabid  and  clinically  rabid 
dogs  was  1.19-1.20  while  this  ratio  in  the  nonrabid  dogs  was 
0.71.  When  sucrose  density  gradient  separation  of  the  rabid 
dog  se  run  was  tested  the  major  count  peak  was  in  the  early 
1  tactions  where  IgM  would  be  exacted  to  appear. 

n.'TTKF.  OBJECTIVES: 


I.  Test  sequential  samples  of  experimentally  infected 
Jogs  to  determine  now  early  after  infection  rabies  IgM  can  be 
detected  . 

2.  Oefernine  effects  of  vaccination  with  live  virus  on 
serum  and  CSF  Ig.'l. 


1  1  .  Idenf 1  f  lea  f  i  on  of  Enf  e  rot  ox  i  genic 
Fsche  rlclila  coll  in  Patients  with 
Pi  a  r  rhea  in  Asia  with  Th  roc  Knteroroxin 
Gene  Prohes 

OBJECTIVE :  To  apply  the  DNA  hybridization  assay  in 

identifying  F.TKC  in  Asia. 

PKIX'.RKSS  :  Nine  hundred  and  eighty-four  ente rotoxigenic 

Kscherichia  coll  (KTKC)  ,ind  733  non -ETEC  isolated  f  rm 
parients  with  diarriiea  in  Asia  (one  1  solar  e/ pa  t  i  ent )  were 
examined  for  homology  with  rad  i  ola  be  1 1  ed  fragments  of  DNA 
encoding  heat-labile  toxin  (LT),  or  heat-stable  toxin  of 
porcine  origin  (ST-P)  or  of  human  origin  (ST-H).  Two  hundred 
and  forty-six  ETEC  flint  produced  LT  and  ST  as  detennined  by 
the  Y-l  adrenal  and  suckling  mouse  assays  were  homologous 
with  the  LT  probe.  Of  these  246  LTST  ETEC  156  (  637.)  were 
homologous  with  the  ST-H,  46  (197)  with  the  ST-P,  and  44 
(187)  with  both  probes.  Four  hundred  and  one  LT  ETKC  were 
homologous  with  the  LT  probe.  Of  337  ST  ETEC  identified  by 
the  suckling  mouse  assay,  244  (727)  wt  re  homologous  with  the 
ST-H,  84  (257)  with  the  ST-P,  and  nine  (37)  with  both  probes. 
None  of  the  733  isolates  that  were  non-en t e rot oxigeni c  as 
determined  by  the  Y-l  adrenal  and  suckling  mouse  assays  were 
homologous  with  genes  coding  for  enti?  rofoxi  n . 

Four  isolares  (not  Included  umong  the  984  ETEC 
examined)  that  were  initially  considered  to  produce  LT 
because  sfprile  culture  supernatants  produced  rounding  of  Y-l 
adrenal  cells  were  not  homologous  with  the  LT  probe. 

Sterile  culture  supernatants  of  these  four  isolares  caused 
rounding  after  eight  hours  and  subsequent  destruction  after 
24  hours  of  Y-l  adrenal  tissue  culfures.  This  effect  was  not 
inhibited  by  convalescent  Inman  cholera  antiserum,  Swiss 
Serum  Institute  cholera  antitoxin,  or  antiserum  ro  purified 
LT.  These  isolates  were  also  negative  in  the  Biken  test 
previously  used  to  idenrify  LT  producing  E.  col  1  .  The  DNA 

Hybridization  technique  with  three  enterotoxin  gene  prohes  is 
a  specific  technique  to  identify  ETEC  in  a  large  number  of 
specimens  in  Asia. 

PJTIJFE  OBJECTIVE:  The  DNA  hyb  rid  i  zat  i  on  assay  ..ill  be  used 

to  examine  E,  coll  for  en f e rot oxigen i c i r y  from  Africa,  the 
Near  East,  the  Ph  i  1  i  ppl  nes  ,  Indonesia  and  Peru, 

Improvements  in  the  test  to  examine  Specimens  directly 
without  testing  Individual  F. .  coll  isolates  is  planned. 
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12.  Absence  of  Nucleotide  Sequence  fUmology 
Between  Genes  for  Vibrio  cliol  e  rae 
Tcxln  .and  V 1  b  r i  o  f  luva  1  Is 

PROBLEM:  Vibrio  fluvalls  have  been  isolated  from  patients 

with  diarrhea  and  iron  a  variety  of  env  i  roiwenta  1  sources  in 
various  parts  of  Asia.  Hie  ente ropathogenicity  of  this 
organism  has  nor,  however,  been  clearly  defined. 

PROGRESS :  V.  fluvalls  f ran  different  sources  in  Asia  were 

examined  in  the  DNA  hybridization  assay  (1)  to  determine 
whether  these  organisms  shared  DNA  sequence  hcmology  with 
cloned  genes  for  V.  cliole  rae  toxin  (2). 

Ninety-two  isolates  of  V.  f luva 1  is  isolated  in  Asia 
(Legend)  were  examined.  None  hybridized  with  radioiabelled 
genes  coding  for  cholera  to;  in  under  stringent  or  more 
relaxed  hybridization  conditions  (  50Z  fonsaraide  at  65  C,  or 
252  formamide  at  54.5  C)  (3).  The  enteropathogenicity  of 
this  organism  does  not  appear  to  be  due  to  an  enterotoxin 
whose  structural  genes  show  nucleotide  sequence  hcmology  with 
V .  chole  rae  toxin. 

FUTURE  OBJECTIVES:  Stuoy  completed 
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Legend:  Source  of  92  Vibrio  fluvalis  examined  for  DNA 
i) rnw> logy  with  cloned  Vibrio  cholerae  toxin  genes 


Source  of 

Country  of 

No.  of 

Isolates 

Origin 

Isola  res 

Patients  with  diarrhea 

Japan+ 

17+ 

Thai  land 

14 

Bangladesh 

h 

Singapore 

3 

India 

2 

Patients  without  diarrhea 

Japan 

6 

Thai  land 

4 

Uater 

Thailand 

12 

Pigs 

Thailand 

7 

Food 

Thailand 

6 

Flies 

Thailand 

5 

Fish 

Thailand 

3 

Shellfish 

Thai  land 

3 

Japan 

1 

Cows 

Thai land 

T 

Total 

92 

+  Isolates  f  ran  travelers  f  ran  Southeast  A.sia  on  arrival  at 
Osaka  International  airport.  Isolates  f  ran  Thailand  were 
isolated  during  longitudinal  studies  of  enteric  disease  in 
Soongne  m  ,  Trial  land. 


13.  Flies  as  a  Source  of  Fn  r  e  ric  Pathogens 
in  a  Kura]  Vi  1 1  a g e  in  Tha  1  land 

OBJvCTTVF:  To  determine  if  flies  are  important 

disseminators  of  enteric  pathogens  in  a  rural  village  in 
Tha i  1  and  . 


PUXKLSS:  Tin-  village  of  Ban  Pong  in  northeastern  Thailand 

was  studied  Iron  January  through  December  19P1  to  determine 
the  importance  of  flies  as  sources  of  enteric  pathogens.  The 
number  of  flies,  that  were  p  red  an  i  ria  n  r  1  y  Mu  sea  d  q-i  e  s  r  i  c  a  , 

increased  in  ki rehens  and  animal  pens  in  the  hot  dry  s,  ring 

at  j  tine  of  the  year  when  the  incidence  of  diarrhea  was 

h  ig  lies  r  in  the  village.  t  n  r  e  ror  ox  i  gen  i  c  Ksc  in-  r  i  ch  !  a  c  o  1  i 

(  FTKC ;  ,  Shi  gel  la  ,  non -01  Vibrio  cholerae  lod  Vibrio  f  1  uva  1  i  s 
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IHtrcenr  t  rui  animal  35  percent  f  ron  bathroaas,  and  8 

percent  I rui  kitchens.  ETEC  were  isolated  f roa  one  fly  pool 
In  ‘lay  and  another  in  June  when  the  incidence  of  FTTKC 
infections  was  highest  in  the  village.  Elies  often  carry  and 
presumably  d  Issem  inate  enteric  pathogens  in  rural  Thailand. 

Kl’TilKK  OHJbCTIVE:  Study  com  pleted  . 


1 4 .  Immune  Dysfunction  in  Ha  1 a  r 1 a : 

—  App roach 

PKOiiLKM :  hereditary  deficiency  of  the  purine  enzyme, 

adenosine  dcam  inase  is  associated  with  severe  combined 
immunodeficiency  disease  (SCID)  -  a  condition  in  which  both 
T-  and  B- lymphocyte  function  is  impaired.  Partial 
restoration  of  lymphocyte  function  can  he  achieved  in  SCID 
patients  by  enzyme  replacement  therapy  involving  whole  blood 
or  packed  KEC  transfusion.  Ir  fnus  appears  that  the  ADA  in 
normal  i’.BC  is  sufficient  to  correct  In  part  the  pu^inogenic 
defect  in  ADA  deficiency  1 ymphocvtes .  The  precise  mechanism 
ior  rhls  effect  is  nor  understood  although  if  may  involve  the 
role  of  the  red  cell  mass  in  systemic  adenosine  metabolism  in 
a  way  that  influences  purine  metabolism  in  lymphocytes.  Acute 
human  aalaria  Infection  is  characterized  by  immune 
suppression.  In  particular  there  is  a  decreased  functional 
responsiveness  of  mononuclear  colls  -  especially 
T-l ym phoevf es  .  It  Is  also  known  that  the  int raeryth rocytic 
malaria  parasite  produces  major  changes  in  r tie  purine 
metabolism  of  the  host  red  coll  mass. 

i’POf'.Ki'.SS :  Adenosine  deaminase  (ADA)  was  shown  to  be  greatly 

increased  in  acute  P.  fa  lei  pa  run  malaria.  The  parasite  ADA 
enzyme  was  isolated  and  characterized.  A  high  level  cf  ADA 
activity  in  the  peripheral  blood  would  be  predicted  to 
perturb  purine  homeostasis  with  consequences  for  host 
lymphocytes.  A  defect  in  cyclic  nucleotide  (cAIP)  metabolism 
inis  Peon  identified  in  mononuclear  cells  f  ron  patients  with 
acute  malaria,  Tne  defect  involves  reduced  levels  of 
endogenous  cA'JP  and  Jecreased  adenylate  cycljse  activity.  An 
adenosine  receptor  has  been  shown  fo  be  associated  wirh 
adenylate  cyclase  on  the  surface  of  lymphoyctes.  When 
adenosine  combines  with  the  surface  receptor  adenylate 
cyclase  is  actlviafod  and  cAMP  Is  produced.  la  malaria  there 
appears  to  lie  a  defect  in  the  coupling  mechanism  such  that 
c AM P  production  is  depres;ed.  Work  is  currently  underway  to 
investigate  the  mechanism  .nr  the  c X ' V  defect.  .Additionally 
work  is  being  done  to  test  whether  the  immunopot enf iat or , 


isoprinos  In*? ,  can  reverse  the  cAMP  defect.  Studies  involving 
monoclonal  antibodies  are  also  underway  to  identify  which 
specific  lymphocyte  subsets  are  associated  with  the 
b ioc hen i cal  defect. 

K!.CO?"!r.Ni)AT ION :  Those  studies  suggest  wtiat  may  be  a 

biochemical  correlate  of  inm one  dysfunction  in  human  malaria 
infection.  The  pc rfubaf ion  in  erythrocyte  adenosine 
metabolism  caused  by  the  malaria  parasite  may  produce  a 
defect  in  lymphocyte  purine  metabolism  which  renders  this 
cell  functionally  defective.  Work  is  currently  underway  to 
confirm  these  preliminary  observations  In  a  larger  population 
study  and  to  elucidate  specific  lymphocyte  subsets.  Specific 
emphasis  is  being  given  to  studies  on  malaria  lymphocyte 
adenosine  metabolism,  adenosine  receptors  and  cyclic 
nuc 1 eof ides . 
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23. (U)  This  work,  unit  has  as  its  ultimata  goal  the  elimination  of  scrub  typhus,  a  diseas 
endemic  in  the  Asiatic-Pacific  region,  as  a  military  medical  problem.  Specif ic  problems 
relating  to  the  epidemiology,  pathogenesis,  diagnosis,  treatment,  and  prevention  of  this 
disease  are  being  studied. 

*.(U)  1.  Develop  and  evaluate  reliable  assays  that  measure  and  predict  immunity  to  scru 
.yphus.  2.  Test  in  human  volunteer  field  studies  the  efficacy  and  operational  practi- 
:ality  of  doxycycline  for  the  prevention  of  scrub  typhus.  3.  Conduct  in  the  field  sero-- 
epidemiological  and  entomological  studies  to  determine  the  incidence,  etiology  and 
threat  of  febrile  illnesses  of  military  medical  importance  occurring  in  Peninsular  and 
sastern  (Sabah  and  Sarawak)  Malaysia.  4.  Determine  the  geographic  distribution  and 
:haracteri2e  isolates  of  R.  tsutsugamushi,  the  etiologic  agent  of  scrub  typhus. 

15. (U)  82  10  -  83  09  1.  The  USAMRU-M  was  redirected  to  conduct  field  studies  which  seei 

ipplied  solutions  to  operational  military  medical  problems.  2.  Studies  were  Initiated 
:o  determine  the  etiology  and  distribution  of  febrile  illnesses,  particularly  those  of 
rickettsial  etiology  and  of  military  importance,  in  central  Peninsular  Malaysia  and 
>abah .  3.  The  efficacy  or  doxycycline  as  a  prophylaxis  for  scrub  typhus  was  evaluated 
In  a  company  of  soldiers  participating  in  a  military  field  exercise.  The  onset  and 

.ongevity  of  the  human  immune  response,  both  humoral  and  cellular,  following  infection 
/ith  R.  tsutsugamushi  was  determined  and  correlated  with  the  protection  and  absence/ 
iresence  of  clinical  scrub  typhus.  5.  Cultured  human  endothelial  cells  were  described 
is  an  in  vitro  model  for  the  study  of  R.  tsutsugamushi  induced  cy copathology .  6.  Five 

sanuser ipts  were  published,  five  are  in  press,  and  five  were  submitted  for  consideratic 
•or  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

.  Oct  82  -  30  Sep  83. 
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CMI  •-'^SPONSE  OF  MICE 

TO  INFECTION  WITH  RICKETTSIA  TSUTSUGAMUSHI 

Problem:  To  develop  and  evaluate  a  reliable  assay  for  the 
measurement  of  cellular  immune  responses  to  R.  tsutsugamushi 
infection.  Cell  mediated  iumunity  (OH)  has~been  demonstrated 
to  be  a  major  factor  in  acquired  resistance  to  R.  tsutsugamushi 
infection  in  mice.  The  need  for  meaningful  CMI  assays  for  both 
the  mouse  and  the  monkey,  as  well  as  the  transfer  and 
application  of  this  technology  to  hunan  scrub  typhus  studies,  for 
which  there  are  no  published  data,  requires  the  development  of 
lymphocyte  transformation  (LT)  and  macrophage  inhibition  factor 
(MIF)  assays.  These  assays  could  be  used  to  measure  the  onset 
and  longevity  of  cellular  immune  responses  to  infection  with  R. 
tsutsugamushi.  In  addition,  the  relevance  of  each  assay  in 
predicting  inmunity  to  reinfection  with  homologous  or 
heterologous  strains  of  R.  tsutsugamushi  could  be  determined. 

Progress:  The  membrane  and  soluble  factions  of  French  pressure 
cell  treated,  tissue  culture  grown  strains  Karp  and  Gilliam  of  R. 
tsutsugamushi  were  prepared  and  used  in  this  study.  Both  Karp 
and  Gilliam  infected  Balb/c  and  C3H/He  mice  were  solidly  imnune 
to  back- challenge  with  Karo  throughout  a  1  year  study  period. 
Transfer  of  spleen  cells  from  Karp  and  Gilliam  infected  mice  to 
their  respective  syngeneic  normal  recipients  resulted  in  protection 
against  a  subsequent  potentially  lethal  Karp  challenge  of  the 
recipients.  These  CMI  transfer  experiments  proved  that  spleen 
cells  from  infected  mice  were  able  to  transfer  protection  against 
a  lethal  Karp  challenge  in  naive  recipients  for  at  least  one  year. 
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Mitogenic  responses  to  PHA  were  suppressed  in  Karp  infected 
Balb/c  and  C3H/He  mice  from  day  11-14  to  day  28.  Positive  LT 
responses  to  homologous  and/or  heterologous  antigens  were 
detected  in  80'  of  the  Karp  infected  mice  on  day  7  and  then  were 
suppressed  until  day  28.  At  365  days  post -infect ion ,  positive 
lymphocyte  responses  were  still  detected  in  all  groups  of  mice. 
Between  7  to  44  days  post- infect  ion,  supernatants  derived  from 
spleen  cell  cultures  from  Karp  and  Gilliam  infected  mice 
demonstrated  an  ability  to  inhibit  in  vitro  macrophage  migration. 
Furthermore,  at  the  time  of  peak  infection  (day  14-21) 
supernatants  from  cells  incubated  without  antigen  were  also  found 
to  have  MIF  activity.  This  activity  however,  was  not  enhanced 
when  antigen  was  added  to  the  cell  cultures. 

Delayed-type  hypersensitivity  (DTH)  was  detected  at  7  days 
post-infection  (PI)  in  40*  of  Balb/c  mice  infected  with  either 
Karp  or  Gilliam.  However,  DTH  was  not  detected  in  Karp- infected 
C3H/He  mice  until  21  days  PI.  By  day  60  PI,  less  than  40%  of  all 
mice  tested  have  positive  DTH  response.  The  MIF  assay  is  clearly 
superior  to  the  footpad  swelling  test  for  the  detection  of  DTH. 

Recormendat ion :  The  mouse  study  has  been  completed  and  a 
manuscript  is  in  preparation,  however,  the  phenomenon  of 
transient  suppression  during  acute  infection  warrants  further 
study. 


On  RESPONSE  OF  MONKEY'S 
TO  INFECTION  WITH  R.  TSUTSUGAMJSHI 


Problem:  To  define  3nd  study  the  CMI  responses  of  cynomolgus 
monxeys  following  primary  infection  and  subsequent  cl<allenge  with 
R.  tsutsugamushi . 


Progress :  The  onset  of  CMI  responses  in  cynomolgus  monkeys 
(iO/groiip)  having  their  first  exposure  to  R.  tsut sugamushi  were 
determined  and  correlated  with  the  clinicaT  responses  after 
reinfection.  Lymphocyte  transformation  was  detected  as  early  as 
3  days  PI  in  S0%  of  the  monkeys  previously  infected  with  Gilliam. 
None  of  the  monkeys  previously  infected  with  Karp  exhibited 
positive  LT  response  at  day  3  PT.  A  transient  period  of 
suppression  of  lymphocyte  responsiveness  to  rickettsial  antigens 
and  PHA  mitogen  was  seen  in  all  monkeys.  This  period  of 
suppression  occurs  between  day  7  and  21  PI.  Clinical  signs  of 
disease  in  these  monkeys  were  mild. 


The  monkey  study  is  completed  and  a  paper  is  currently  being 
prepared  for  publication.  The  study  indicated  an  earlier  response 
to  heterologous  antigen  than  homologous  antigen  in  the  LT  assay. 
The  transient  suppression  also  occurred  1  week  earlier  than  those 
observed  in  the  mouse  study. 

Recoimendat ions :  The  LT  responses  of  infected  monkeys  were  in 
general  inconclusive.  The  poor  response  may  be  attributable  to 
the  use  of  comparatively  crude  antigens  in  our  CMI  assays.  The 
preparation  of  purified  antigens  should  be  pursued.  Additional 
studies  on  the  cellular  immune  responses  of  R.  tsutsugamushi 
infected  monkeys  should  be  conducted  if  this  animal  is  to  be  used 
as  a  model  for  the  study  of  scrub  typhus. 


CMI  RESPONSE  OF  VOLUNTEERS 
TO  PRIMARY  INFECTION  WITH  R.  TSUTSUGAMUSHI 

Problem:  To  study  the  onset  and  longevity  of  CMI  in  humans 
previously  exposed  to  R.  tsutsugamushi,  while  taking  dcxy eye line 
prophylaxis,  and  subsequently  challenged  21  months  later  via  R. 
tsutsugamushi  infected  chiggers. 

Progress:  Rickettsial  antigen  concentrations  of  100  and  400  jig/ml 
were  optimal  for  routine  use  in  human  LT  assays.  The  use  of 
antigen  concentration  as  great  as  400  pg  was  necessary  to  obtain 
a  response  in  some  subjects  with  previous  infection(s) .  Lymphocytes 
from  normal  volunteers  did  not  respond  to  rickettsial  antigens. 

Peripheral  blood  lymphocytes  were  isolated  every  six  days 
from  the  eight  volunteers,  participating  in  a  laboratory  based 
challenge  study,  who  had  taken  doxycycline  prophylaxis  during  their 
initial  R.  tsutsugamushi  infection  21  months  earlier.  TVro  of  the 
eight  volunteers  aid  not  have  positive  LT  responses  to  rickettsial 
antigens  prior  to  challenge  via  R.  tsutsuganiashi  infected  chiggers. 
One  volunteer  was  treated  for  scrub  typhus  whereas  the  other  did 
not  completely  fulfill  the  criteria  established  for  a  diagnosis 
of  scrub  typhus,  was  not  treated,  and  subsequently  recovered 
after  experiencing  a  week  of  low  grade  fever  (>380C) .  Suppression 
of  lymphocyte  responsiveness  to  rickettsial  antigens  and  PHA  was 
observed  in  all  volunteers  between  6  and  18  days  after  challenge. 
Peak  LT  responses  were  seen  at  day  60.  The  presence  of  MIF 
production  was  pronounced  in  all  lymphocyte  cultures  fran 
volunteers  between  6  to  60  days  post -infect ion.  However,  the  peak 
time  of  MIF  activity  varied  from  donor  to  donor. 


Recommendations :  Since  this  study  strongly  suggests  that  the  LT 
assay  can  be  used  for  predicting  the  susceptibility  of  humans  to 
scrub  typhus  infection  and  as  a  diagnostic  research  tool  for 
early  detection  of  infection,  additional  work  is  encouraged  such 
tjiat:  Future  studies  include  larger  sample  sizes  in  order  to 
properly  assess  individual  variation  in  healthy  and  infected 
subjects.  The  correlation  of  the  LT  assay  as  an  index  of 
cellular  immunity  relative  to  indexes  of  humoral  immunity  is 
examined  within  individuals  and  also  evaluated  relative  to 
population  averages  thus  permitting  a  basis  for  rational 
comparison.  Purified  R.  tsutsugamushi  strain  specific  antigens 
and  culture  conditions  are  characterized  and  optimized  for  the 
LT  assay  in  order  that  the  strain  specificity  of  the  assay  can  be 
properly  evaluated.  The  LT  assay  is  incorporated  in  the  list  of 
immune  parameters  measured  in  future  scrub  typhus  human  trials 
especially  clinical  field  trials  involving  doxycycline 
prophylaxis. 


HUMORAL  RESPONSE  OF  VOLUNTEERS 
TO  PRIMARY  INFECTION  WITH  R.  TSUTSUGAMJSHI 

Problem:  The  longevity  of  human  R.  tsutsugamushi  specific  antibody, 
as  measured  by  the  IFA  test,  has  Feen  contrastingly  reported  to  be 
12  years  and  one  year.  Thus,  the  clinical  significance  of  a  R. 
tsutsugamushi  specific  antibody  titer  for  a  single  serum  collected 
from  a  febrile  patient  living  within  a  scrub  typhus  endemic  area 
is  difficult  to  interpret.  The  Weil-Felix  OXK  test  for  R. 
tsutsugamushi  induced  agglutinins  has  been  reported  to  be  negative 
in  up  to  501  of  scrub  typhus  cases;  is  frequently  negative  in 
secondary  infections;  and  may  be  falsely  positive  in  cases  of 
leptospirosis  or  louse-borne  relapsing  fever. 

Background :  Clinical  details  of  the  study'  have  been  previously 
reported.  Briefly,  two  groups  of  10  volunteers  were  deliberately 
infected  under  laboratory  conditions  byallowing  Leptotrombidium 
fletcheri  chiggers  known  to  be  infected  with  multiple  strains  of 
RT  tsutsugamushi  to  feed  on  each  volunteer.  One  group  of 
volunteers  received  once  weekly  a  200  mg  dose  of  doxycycline  and 
the  other  received  placebo,  both  groups  starting  two  days  before 
infection  and  continuing  for  six  weeks  thereafter.  Nine  placebo 
volunteers  and  one  doxycycline  volunteer  developed  scrub  typhus 
and  were  treated  on  the  third  day  of  their  illness. 

Progress :  R.  tsutsugamushi  specific  antibody  (IFA)  persisted  for 
more  than  11T  months  in  13  of  19  volunteers  assessed  throughout  the 
study.  Fifteen  months  after  exposure  IFA  (IgG)  titers  were  50-200 
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and  there  had  been  little  alteration  for  nearly  a  year.  Equal 
peak  jantibody  titer  to  more  than  one  strain  of  R.  tsutsugamushi 
developed  in  all  placebo  volunteers.  Our  volunteers  appeared  to 
have  been  infected  with  as  many  as  six  rickettsial  strains. 

This  multiple  response  was  not  unanticipated  in  that  other 
studies  have  shown  that  individual  chiggers  in  our  L.  fl^tcheri 
colony  are  infected  with  and  transmit  multiple  strains  of  ft. 
tsutsugamushi.  Eight  of  the  nine  placebo  volianteers  that  developed 
scrub | typhus  each  had  four- fold  rises  (IFA)  from  baseline  antibody 
titers  by  theeighthday  of  disease  (10-16  days  post  -  infection) . 

In  all  but  one  volunteer  a  significant  specific  IgM  response  did 
not  precede  an  IgG  response.  Weil-Felix  OXK  agglutinins  were 
detected  only  in  those  volunteers  not  having  R.  tsutsugamushi 
specific  antibody  at  the  time  of  infection.  The  OXK  agglutinins 
consistently  appeared  later  than  the  specific  antibody  detected 
by  I FA. 

'  I 

A  significant  OXK  response  was  most  often  detected  in 
placebo  volunteers  (treated  on  the  third  day  of  disease)  by  the 
fourteenth  day  after  onset  of  disease.  The  longevity  of  OXK 
agglutinins  was  variable.  Fifteen  months  after  infection,  four 
of  the|  placebo  volunteers  that  had  developed  a  significant  OXK 
response  still  had  a  serum  titer  of  i 200 ,  and  in  two  of  these 
volunteers,  the  titer  remained  at  800.  The  decline  in  titer  to 
below  200  in  the  remaining  four  volunteers  still  under  observation 
occurred  three  to  ten  months  after  infection. 

! 

Only  one  doxycycline-prophylaxis  volunteer  developed  a 
significant  OXK  titer,  which  was  delayed.  The  volunteers  that 
remained  well  while  receiving  doxycycline  prophylaxis  developed 
significant  IFA  titers  in  the  fourth  week  after  exposure  to 
infection.  These  titers  ranged  from  50  to  200  and  were  declining 
in  most  subjects  by  the  end  of  the  prophylaxis  period.  After 
prophylaxis  was  stopped,  eight  of  these  nine  volunteers  developed 
symptoms  and/or  signs  that  could  be  attributed  to  the 
multiplication  of  rickettsiae.  Three  of  these  eight  volunteers 
experienced  a  subsequent  second  rise  in  R.  tsutsugamushi  specific 
IgG  titer. 

I 

Recommendation:  Eight  of  the  placebo  volunteers  have  been 
challenged  with  R.  tsutsugamushi  21  months  after  the  primary 
infection.  The  clinical ,  humoral  and  OO  responses  of  these 
volunteers  arc  being  measured  and  should  be  analyzed  and  compared 
with  those  induced  by  the  primary  infection. 


I 


OPERATIONAL  EVALUATION  OF  THE  EFFICACY  OF  DOXYCYCLINE 
PROPHYLAXIS  FOR  SCRUB  IYPHUS 

Prcblefn:  To  establish  in  a  military  operational  setting  the 
efficacy  and  practicality  of  once  weekly  oral  doxycyclinc  for  the 
prevention  of  scrub  typhus.  Recently,  in  a  laboratory  based  study 
described  earlier  in  this  report  oral  once  weekly  doxycyclinc  was 
shown  to  prevent  the  development  of  clinical  scrub  typhus  in  the 
majority  of  volunteers  deliberately  infected  with  R.  tsutsugamushi 
(9).  The  drug  has  been  once  trialed  in  the  field  "(2) ,  but 
interpretation  of  the  results  we:e  hampered  by  the  low  incidence 
of  scrub  typhus  among  the  control  group  .and  poor  conpl iance  of 
volunteers  with  the  regimen,  in  which  control  measures  to  assure 
compliance  were  found  insufficient. 

Progress :  A  company  size  group  of  British  Infantry  conducted  an 
IT  week  joint  training  exercise  in  the  central  mountainous  area 
of  Peninsular  Malaysia.  Eighty  three  volunteers  from  the  group 
participated  in  a  double-blind  placebo  controlled  field  study, 
of  these,  64  spent  most  of  the  period  in  primary  or  secondary 
jungle,  while  the  remaining  19  supported  the  operation  from  2 
base  camps.  Whole  blood  was  collected  from  each  volunteer  before, 
at  the  end  of,  and  at  one  and  four  weeks  aft  r  the  risk  period 
in  the  field,  as  well  as  from  volunteers  upon  their  presentation 
with  a  febrile  illness,  and  two  weeks  thereafter.  Samples  were 
subjected  to  serological  analysis  for  rickcttsiae  (OXX,  0X19,  and 
IFA  tests),  typhoid  fever,  leptospirosis,  melioidosis,  and 
fl3vivirus  (yet  to  be  completed) ;  whole  blood  for  rickettsial 
isolation  and  culture  of  salmonella  .and  leptospira;  and  blood 
films  were  examined  for  malaria.  All  ciinicrl  signs  and  symptoms 
were  monitored  and  recorded.  All  medication  ,  times  of  ingestion 
of  the  trial  drugs,  the  side  effects  erperici-.'-d  and  movements  in 
the  field  were  record's!  by  each  volunteer  in  a  log,  and  each 
volunteer  was  questioned  according  to  a  standard  questionnaire  at 
the  end  of  the  risk  period,  and  at  the  end  of  the  trial,  about 
these  aspects. 

'  The  packaging  of  the  prophylactic  regimen  was  designed  to 
facilitate  in  the  field,  convenience  of  transport,  integrity  of 
medication  and  maximal  compliance.  Each  once  weekly  doxycyclinc 
dose  ’was  packed  with  one  once  weekly  dose  of  ant  malarial 
medication  (Kaloprim)  in  one  heat  sealed  pocket  of  a  4  pocket  soft 
plastic  pouch.  Each  pocket  was  labelled  with  the  volunteer's 
name  and  the  date  that  the  dosage  was  to  be  ingested.  The 
pouches,  containing  medication  for  a  28  day  period  could  be 
folaed  to  pocket  sire.  Trus  type  of  packaging  did  not  interfere 
with  the  soldiers'  activities,  (i.e.  low  craw]  ,  repelling, 
fording  rivers,  traumatic  contact  with  hard  surfaces),  nor  was  it 
uncomfortable  to  carry,  bulky  or  compromi singly  noisy  when 
manipulated.  The  soft  pouches  did  present  a  slight  drawback  in 
that  occasionally  «  capsule  was  crushed.  Nine  volunteers  reported 
painstakingly  ingesting  the  powder  contents  of  crushed  doxycyclinc 
capsules. 
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Forty  eight  of  83  volunteers  kept  complete  and  up  to  date 
records  on  their  personal  logs,  which  comprised  small  proforma 
sheets  kept  in  a  protective  plastic  container.  Thirty  three 
volunteers  recol lected  or  recorded  at  least  one  deviation  from 
strict  compliance  with  their  trial  medication  regimen.  Twenty 
five  of  the  33  deviations  were  minor,  being  corrected  within  only 
72  hours  of  the  scheduled  dosage  period.  Eight  (9.61)  volunteers 
reported  greater  deviations,  being  either  late  by  5  days,  or  not 
ingesting  one  or  more  doses. 

Fifteen  (18.11)  volunteers  reported  or  recorded  adverse 
symptoms  following  ingestion  of  the  doxycycline  capsules  and 
antimalarial  tablets.  Of  seven  volunteers  reporting  nausea  on  at 
least  one  occasion,  only  one  attributed  the  symptom  to  ingestion 
of  the  medication  prior  to  a  meal,  and  only  one  reported 
experiencing  nausea  after  every  dosage.  Other  symptoms  reported 
could  not  be  attributed  to  the  ingestion  of  medication. 

Oily  three  volunteers  presented  to  the  medical  monitor  with 
febrile  illness  dinring  the  course  of  the  field  exercise.  In  only 
one  of  these  cases  was  a  diagnosis  of  scrub  typhus  considered. 
Collection,  analysis  and  completion  of  clinical,  serological, 
culture  and  isolation  data  continues  and  when  completed  the  trial 
medication  versus  placebo  code  will  be  broken  and  the  data 
correlated.  Unfortunately,  a  review  of  the  available  data 
suggest  that  only  one  clearly  defined  case  of  scrub  typhus  may 
have  occurred  during  the  unseasonably  dry  operational  period. 

An  integral  part  of  this  study  was  implementation  of  the 
concept  of  a  study  site  risk  assessment  survey.  An  entomology 
team  (3  men  for  10  days)  was  deployed  to  the  study  site 
inwediately  after  the  volunteers  evacuatod  each  operations!  area. 
Sixteen  sites  representative  of  most  elevations  and  habitats 
occupied  by  troops  during  the  study  were  selected  as  a  basis  for 
risk  assessment.  The  survey  involved  the  trapping,  identification, 
and  bleeding  of  rodents.  Potential  vector  mites  were  identified. 

Rattus  wtn^fcjieadi  (SO),  Rattus  exulans  (31),  and  Rattus 
sabanus  (17)  constituted  69.4  percent  of  the  total  141  rodents 
collected.  Thirteen  R.  whiteheadi,  28  R.  exulans,  and  11  R 
sabanus  were  seropositive "  (IT  :T(T,  1FA)  ForTC  "tsutsugarnushl. 
Seropositive  rodents  collected  in  fewer  nunScrs  included  Rattus 
raja  raja  (1/2),  Rattus  raja  surifej"  (1/9),  and  Rattus  ticnunicus 
Tajorensls  (3/7).  A  total  d lTT,T51  engorged  larval  cKiggers  were 
collected" f rom  141  rodent  hosts  (3  genera,  12  species).  Of  these, 
3,213  were  identified,  representing  8  genera  and  20  species. 
leptot rombidium  delrensc  and  T...  arcnicoia  constituted  only  4.1 
percent  of  the  total" manlier  collected  TH7  and  60,  respectively). 
The  majority  of  engorged  chiggers  identified  were  represented  by 
five  species  of  Ga!  (88.6  percent).  A  total  of  6,800 

black  plates  were  "pin  ”ed  Uuring  survey  of  the  16  areas.  Only  149 


larvae  were  collected  by  black  plate  during  the  survey  (an 
average  of  1  chigger  per  45  black  plates).  The  majority,  112, 
of  the  larvae  (50  L.  del iensc  and  62  Schoengast ia  vieta)  were 
collected  from  two  small  areas  and  the  3 1  remaining  specimens 
were  collected  randomly  from  many  other  sites. 

Although  I FA  test  results  of  the  rodent  survey  indicated  a 
very  high  (40. 4$)  incidence  of  rats  having  R.  tsutsugamushi 
specific  antibody,  and  thus  establishing  the  presence  ofTKe 
etiologic  agent  of  scrub  typhus  in  the  area,  the  overall  risk 
of  contracting  scrub  typhus  posed  to  volunteers  operating  in 
the  study  site  was  considered  to  be  minimal  due  to  the  very 
low  density  of  mite  vectors  in  the  area  during  the  extremely 
dry  period  of  this  study. 

Recommend at  ions :  A  second  and  considerably  larger  field  trial, 
as  Ts  c  u  r  r  e  n  t  I y  scheduled  for  the  first  quarter  FY84  in  a  known 
scrub  typhus  endemic  area,  should  be  encouraged.  The  concept  of 
infectious  disease  risk  assessment  should  he  incorporated 
wherever  possible  in  military  operation  plans  as  well  as  in 
medical  research  field  studies. 


FEBRILE  ILLNESS  IN  CENTRAL  PENINSULAR  MMAlYSIA  (PERAK) 

Problem:  Seroepjdemiological  surveys  conducted  during  the  mid- 
1970s  in  the  Mentckab,  Bukit  Mendi  and  Jengka  Triangle  areas  of 
Peninsular  Malaysia  established  the  importance  of  scrub  typhus 
in  these  specific  areas  of  Malaysia  (1).  However,  this 
information  was  drawn  from  a  limited  area  having  a  relatively 
homogeneous  ecology.  We  have  only  sparse  epidemiological  data 
on  febrile  illness,  in  particular  scrub  typhus,  occurring  in 
other  more  ecologically  diverse  areas  of  Malaysia.  IXiring  FY83 
field  studies  were  undertaken  to  broaden  our  knowledge  of  the 
etiology  and  distribution  of  febrile  illness,  particularly  those 
of  rickettsial  etiology,  in  other  areas  of  Malaysia. 

Progress:  Computer  data  programs  were  adjusted  to  allow  for 
The  storage  and  correlation  of  more  demographic  and  serologic 
data,  and  to  allow  for  greater  flexibility  .and  circumspection  in 
interpretation  of  statements  on  clinical  findings.  Collection  of 
new  epidemiological  data  began  with  a  detailed  survey  of  febrile 
illness  presenting  to  the  major  hospital  in  Perak  state,  and 
another  of  febrile  illness  presenting  to  the  health  center  of  an 
operational  military  base.  In  addition,  a  limited  survey  of  the 
incidence  of  R.  tsut sugamushi  specific  antibody  among  febrile 
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patients  presenting  to  6  rural  Sabah  health  centers,  selected  for 
the  ecological  diversity  of  the  areas  they  serve,  was  begun  late 
in  the  yea: 

Of  141  cases  studied  (major  hospital,  Perak)  over  a  period 
of  5  months,  7  cases  were  serologically  confirmed  as  scrub  typhus, 
13  as  murine  typhus,  20  as  typhoid,  13  as  leptospirosis,  14  as 
melioidosis,  and  15  as  malaria  (2  Plasmodiun  falciparum,  13  P. 
vivax) .  Unfortunately,  PUO  cases  that  presented  to  the  hospital 
staTF  as  "obviously  malaria  or  leptospirosis"  were  often  not 
admitted  to  the  study.  Thus,  our  figures  most  likely  under 
report  these  two  diseases.  The  incidence  of  melioidosis  is 
striking  in  an  area  where  there  is  low  physician  awareness  of  the 
disease,  and  equally  of  note  is  the  incidence  of  scrub  typhus 
during  an  unusually  dry  period.  Five  of  the  seven  scrub  typhus 
patients  were  putatively  exposed  in  the  urban  or  urban  fringe 
area  in  and  around  Ipoh. 

PUO  patients  presenting  to  the  military  base  (3,000  military 
personnel,  ?000  dependents  and  civilian  personnel)  were  entered 
into  a  more  cor^rehens ive  study.  Of  the  298  febrile  cases 
studied  over  a  5  month  period,  9  were  diagnosed  as  scrub  typhus, 

6  as  typhoid  fever,  5  as  leptospirosis,  5  as  melioidosis  and  19 
as  malaria  (all  P.  vivax) .  Diagnosis  of  scrub  typhus  was  made, 
apart  from  clinical  grounds,  by  the  IFA  test  alone  in  2  cases,  by 
I  FA  and  OXK  agglutination  in  3  cases,  by  isolation  of  the 
organism  from  mice,  and  the  IFA  test  (with  or  without  OXK 
confirmation)  in  3  cases,  and  by  isolation  alone  ir.  one  case. 

Five  of  the  nine  cases  presented  during  a  three  week  period  in 
June-July  when  there  was  a  noted  increase  in  rainfall  in  central 
Peninsular  Malaysia,  immediately  following  a  comparatively  very 
dry  period.  Seven  out  of  the  9  cases  appear  to  have  been  exposed 
in  the  area  where  the  Perak-Kelantan  border  meets  that  of 
Thailand,  an  area  consisting  mainly  of  primary  mountainous 
forest,  Since  comparatively  few  of  the  soldiers  were  deployed  in 
this  area  it  would  appear  to  be  an  area  of  high  endemicity  for 
scrub  typhus.  Of  the  6  typhoid  cases  all  but  one  could  be 
ascribed  to  exposure  either  within  the  main  study  base  or  in  an 
auxiliary  training  base  on  the  west  coast  of  Peninsular  Malaysia. 
Of  the  malaria  cases,  13  were  contracted  in  around  the  main 
base,  and  only  one  originated  from  areas  of  operations  within  the 
mountainous  jungle. 

Reconnendations:  Field  oriented  studies,  in  particular  tho'? 
capable  of  providing  both  baseline  and  risk  assessment  data, 
should  continue  to  be  an  important  part  of  this  unit's  mission. 
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CHARACTER! ZATICN  OF  R.  TSUTSUGAMUSHI  ISOLATES 


Problem:  To  obtain,  determine  the  geographic  distribution,  and 
characterize  strains  of  R.  tsutsugamushi  within  the  endemic 
Asiatic-Pacific  region.  Five  of  the"  eight  prototype  strains  of 
R.  tsutsugamushi  are  predominant  in  isolates  from  Peninsular 
Ra  1  ays ia ,  Tna i land ,  Taiwan,  the  Philippines,  Hong  Kong, 

Australia  and  the  islands  of  the  Northern  New  Hebrides  and 
Santa  Cruz  groups.  While  these  areas  represent  a  large  segnent 
of  the  endemic  region,  isolates  from  a.  number  of  the  areas  on  the 
periphery  of  the  region  have  as  yet  to  be  obtained  and 
characterized. 

Progress:  Isolates  of  R.  tsutsugamushi  have  been  obtained  from 
botn  China  and  Pakistan?  Those  trom  China  were  originally 
isolated  from  chiggers  and  rodents  in  3  different  Chinese 
provinces.  Three  isolates  were  found  to  be  virulent  when 
characterized  subsequent  to  inoculation  of  outbred  mice.  Four 
of  the  5  isolates  were  shown  to  be  similar  to  the  Thai  animal 
716  prototype  strain  while  the  fifth  isolate  was  shewn  to  be 
similar  to  the  Gilliam  prototype  strain  of  R.  tsutsugamushi 
when  characterized  by  the  direct  FA  procedure.  The  recently 
obtained  isolates  from  West  Pakistan  are  presently  being 
propagated  and  characterized. 

Recommendat ions :  Efforts  should  continue  to  acquire  isolates 
from  Japan  and  other  countries  in  the  endemic  area  for  which  we 
have  little  or  no  reliable  information.  Isolates  should  be 
fully  characterized  upon  acquisition  and  propagation. 


IN  PURSUIT  OF  A  R.  SENNETSJ- LIKE  AGENT  IN  MALAYSIA 

Problem:  Recent  collaborative  studies  between  the  USAMRU-M  and 
the  University  of  Illinois  (Dr.  Miodrag  Ristic)  have  identified 
the  frequent  presence  of  what  appears  to  be  R.  sennetsu 
specific  IgG  in  the  sera  of  a  substantial  number  of  Malaysians 
presenting  to  rural  Malaysian  health  clinics  and  subsequently 
diagnosed  as  having  a  pyTexia  of  unknown  origin  (FUO) . 

However,  R.  sennetsu,  the  etiologic  agent  of  a  well  defined 
clinical  entity  (infectious  mononucleosis  like;  fever,  malaise, 
aeadache,  anorexia,  1 ymphadenopathy)  sennetsu  rickettsiosis ,  is 
known  to  occur  only  in  western  Japan. 


Progress :  During  FY83  this  international  collaborative  study 
was  expanded  to  delineate  the  presence  of  R.  sennet su 
specific  antibody  activity  in,  (A)  sera  collected  during  1981-82 
from  patients  thought  to  possibly  have  infectious  mononucleosis, 
(B)  sera  collected  during  the  mid-197Cfe  from  PUO  patients,  and 
the  sera  of  PUO  patients  reporting  during  1983-84  to  (C)  the 
Ipoh  General  Hospital,  Perak  and  (D)  to  a  military  health 
clinic  located  in  the  mountainous  heart  of  central  Malaysia.  A 
collection  of  demographic  data  was  begun  so  that  the  epidemiology 
of  R.  sennet su  or  a  R.  sennetsu-like  agent,  if  present  in 
Malaysia,  can  be  described 

This  year,  191  human  sera,  consisting  of  2  dissimilar 
groups,  A  and  B  were  examined  (A  by  Ristic,  A  and  B  by  Ristic 
and  USAMBJ-M)  by  the  IFA  test  for  R.  sennetsu  specific  IgG. 

For  this  purpose  Dr.  Ristic  provided  our  laboratory  with  over 
500  R.  sennetsu  antigen  slides  and  subsequently  the  IFA  test  was 
standardized in  both  laboratories  against  a  common  pool  of  R. 
sennetsu  positive  sera.  Isolation  of  R.  sennetsu  was  attested 
from  whole  blood  specimens  corresponding  to  several  of  the  IFA 
positive  (21:10)  sera  in  groups  A  and  B.  TVro  as  yet  not  fully 
characterized  R.  sennetsu-like  agents  have  been  isolated  by 
Dr.  Ristic's  group. 

Thirty  two  of  89  group  A  sera  collected  (routine 
submissions  to  the  Virology  Division,  IMR)  from  patients 
suspected  of  having  infectious  mononucleosis  were  shown  to  have 
a  titer  of  21:10  for  R.  sennetsu.  All  but  one  of  the  patients 
having  a  titer  to  R.  sennetsu  had  at  the  time  of  sasple 
collection  complained  of  fever  and  of  lymphadenopathy. 
Insufficient  information  was  available  on  these  patients  to 
prepare  a  demographic  analysis.  However,  data  from  102  group  B 
PUO  cases  investigated  by  the  USANWJ-M  in  the  mid-197(fe  are  more 
comprehensive.  The  sera  were  collected  from  patients  presenting 
with  any  two  of  the  following  signs  and  or  symptoms;  fever, 
lymphadenopathy,  headache  and  rash,  and  for  whan,  after 
extensive  investigation,  no  definitive  diagnosis  was  made. 
Patients  positive  for  R.  sennetsu  antibody  ranged  in  age  from  6 
to  77  years.  Sera  from  60  of  82  males,  but  from  only  11  of  20 
females,  were  positive  (2l:10).  Sera  from  51  of  68  Malays, 
conpared  with  9  of  15  Indians,  and  only  6  of  19  Chinese  were 
positive  at  -1 ;  10.  A  wide  range  of  occupations,  both  rural  and 
urban,  were  represented  among  those  patients  having  positive 
titers:  they  included  students,  office  and  factory  workers, 
plantation  and  padi  workers,  teachers  and  odd- job  men.  Their 
abodes  likewise  were  quire  diverse.  Fever  and  lymphadenopathy 
were  the  most  frequent  signs  among  patients  from  both  groups  A 
and  B,  whose  sera  contained  what  appears  to  be  IgG  specific  for 
R.  sennetsu. 
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Most  recently  the  demographic  data  and  sera  of  over  300 
PUO  patients  reporting  during  1983  to  central  Malaysia  health 
centers  (military  and  civilian)  have  been  entered  into  this 
study. 

Recommendations :  It  would  appear  that  in  Malaysia  the 
presence  of  antibody  specific  for  R.  sennet su  may  be  associated 
with  a  definable  clinically  entity.  The  entity  should  be 
further  defined  and  documented  to  allow  possible  cases  of 
sennetsu  rickettsiosis  to  be  more  readily  recognized.  The 
significance  of  R.  sennetsu  specific  IFA  titers  of  Sl:10  and 
— 1 : 20  needs  further  clarificat ion.  Recently  obtained  stock 
cultures  of  R.  sennetsu  should  be  plaqued  using  the  same  method 
presently  employed  for  R.  tsutsugamushi ,  modified  as  necessary. 
Plaque  purified  stocks  "should  be  propagated  for  the  preparation 
of  antigen  required  for  serological  testing.  Plaquing  should 
also  permit  us  to  characterize  and  titrate  both  stock  cultures 
and  field  human  isolates.  This  collaborative  effort  with  the 
University  of  Illinois  should  continue. 


CULTURED  HUMAN  ENDOTHELIAL  CELLS  AS  IN  VITRO  MXET.S  FOR  THE 
STUDY  OF  R.  TSUTSUGAMUSHI  INTmTRYIOPATHDLOGY 

Problem:  R.  tsutsugamushi  has  been  studied  only  in  established 
cell  lines,  thus  an  in  vitro/in  vivo  comparison  of  the 
cytopathology  of  infection  has~been  hampered  by  several  factors. 
Establislied  cell  lines  represented  cells  that  have  "dedifferent¬ 
iated"  both  structurally  and  functionally  from  their  tissue  of 
origin.  In  addition,  previous  wotx  has  frequently  focused  on 
the  irradiation  or  chemical  treatment  of  cultured  cells  to 
inhibit  their  rate  of  multiplication.  Hunan  endothelial  fHE) 
cells,  however,  maintain  their  differentiated  structural  and 
functional  attributes  when  cultured  jn  vivo  and  their  growth- 
need  not  be  inhibited. 

Progress:  R.  tsutsugamushi  was  propagated  in  umbilical  cord 
derived  HE  cell's  and  titrated  on  days  0,  4,  8,  12  and  16  post¬ 
infection.  Procedures  were  developed  for  the  preparation  of 
ultra-thin  sections  for  transmission  electron  microscopic  (TEM) 
studies  and  TEM  photomicrographs  of  R.  tsutsugamushi  infected 
and  uninfected  human  endothelial,  L-l?29,  arid  IvRC- 5  cells  have 
been  taken.  A  manuscript  incorporating  the  results  and 
interpretations  of  the  photomicrographs  is  in  preparation. 

Recommendations:  This  project  which  employs  what  appears  to  be 
a  key  cell  type  in  the  scrub  typhus  disease  process  should  bo 
continued  and  expanded.  SEM/TEM  studies  have,  thus  far. 
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concentrated  on  growth  and  release  phases  of  R.  tsutsugamushi 
in  HE  cells.  The  study  should  be  expanded  to  include  an 
examination  of  the  penetration  and  exit  phase,  intracellular 
replication  and  cytopathology  of  R.  tsutsugamushi  in  hunan 
endothelial  cells. 


ENTOMOLOGICAL  STUDIES  OF  R.  TSUTSUGAMUSHI  VECTORS 

Problems:  (a)  Previous  studies  of  several  successive  generations 
of  ft.  tsutsugamushi  infected  Leptotrombidiun  arenicola  and  L. 
fletcheri  have  demonstrated  very  Tiigh  filial  and  transovarial 
infection  rates  approaching  100  percent  (4,S).  Leptotrombidiun 
arenicola,  L.  fletcheri  and  L.  deliense,  each  derived  from  R. 
tsutsugamusKi  free  colonies ,  are  capable  of  acquiring  R. 
tsutsugamushi  by  feeding  on  R.  tsutsugamushi  infected  mice  and 
the  infection  in  subsequently  passed  transtadially  to  the  adult 
mites,  however,  transovarial  passage  is  not  known  to  occur  (8,10). 
The  question  of  uptake,  destiny,  location  and  fate  of  R. 
tsutsugamushi  is  both  infected  and  uninfected  chigger  Tines  has 
not  been  studied  by  transmission  electron  microscopy. 

(1))  Multiple  R.  tsutsugamushi  strains  can  occur  simultaneously 
in  chiggers,  Tbwever,  the  infected  mites  in  our  L.  arenicola 
colony  have  not  been  shown  to  harbor  the  Gilliam  strain  of  R. 
tsutsugamushi  (6).  This  phenomenon  may  provide  a  marker  for  an 
evaluation  of  the  genetic  or  physiologic  ability  of  infected  vs 
uninfected  chigger  lines  to  acquire  R.  tsutsugamushi  (i.e.  Gilliam 
strain)  and  pass  it  not  only  transtadially,  but  more  inportantly, 
transovarial ly.  (c)  Leptotrombidiun  deliense  has  the  broadest 
distribution  of  all  R.  tsutsugamushi  vectors.  It  is  ubiquitous 
throughout  its  range,  and  is  considered  to  be  the  most 
significant  vector  of  scrub  typhus  in  Southeast  Asia  (7). 
Unfortunately,  only  one  limited  study,  has  been  published  on 
infected  laboratory  colonies  of  L.  deliense  (3) ,  and  this 
laboratory  does  not  have  a  colony  of  R.  tsutsugamushi  infected 
L.  deliense. 

Progress :  (a)  Transmission  electron  microscope  procedures  have 

been  developed  for  the  deutonymph  and  tritor.ymph  (adult)  stadia. 

(h)  Unfortunately,  the  L.  arenicola  controls  previously  thought 
to  be  naturally  infected  with  only  Karp,  Kato,  TA686,  YA716,  and 
TA763  were  shown  to  be  positive  for  the  Gilliam  strain  by  the  DFA 
technique,  therefore,  the  acquisition  and  subsequent  transmittal 
of  tiie  Gilliam  strain  to  successive  generations  could  not  be 
substantiated.  There  appears  to  be  a  factor  in  Gilliam  fed  mites 
which  effects  egg  laying  which  was  not  present  in  the  controls. 

The  Gilliam  strain  was  not  consistently  detected  in  successive 
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generations,  but  the  Gilliam  strain  may  have  been  present  in 
such  low  numbers  as  to  be  undetectable  by  DFA.  However,  the 
results  of  two  recent  feeding  trials  suggest  that  it  might  be 
possible  to  select  a  line  in  which  the  Gilliam  strain  is 
completely  absent.  DFA  results  from  the  larvae  of  three  L. 
arenicola  lines  revealed  the  absence  of  the  Gilliam  strain  in 
the  FI  and  F2  generations  and  Gilliam  was  not  demonstrated  by 
DFA  in  larvae  from  the  same  progenitor  lines  for  the  two 
previous  generations,  (c)  Efforts  to  collect,  propagate  and 
establish  an  infected  L.  deliense  line  are  ongoing. 

Recommendations :  Modifications  of  standard  TEM  techniques  of 
fixation,  embedding,  staining,  and  sectioning,  which  are 
peculiar  to  larval,  protonymph  and  teliophane  stadia  should  be 
completed,  thereafter  a  sequential  examination  by  "EM  should  be 
conducted  on  all  stadia,  and  on  the  larval  stages  ooth  during 
and  after  engorgement.  The  study  to  determine  the  effect  of 
the  Gilliam  strain  on  fecundity  should  not  be  continued. 

Efforts  will  be  accelerated  to  obtain  and  establish  an  infected 
colony  of  L.  deliense. 


ISOLATION  CHARACTERIZATION  AND  EVALUATION  OF  R.  TSUISUGAMJSHI 

MARKER  ANTIGEN 

Problem:  Our  LT  and  MIF  assays  utilized  both  membrane  (Frac.  4) 
and  soluble  (Frac.  3)  antigens  which  were  prepared  by  a 
modification  of  the  French  pressure  cell  procedure  described  by 
Dasch  et  al.  However,  due  to  the  crude  nature  of  these 
antigens,  an  undesirable  degree  of  serotype  cross  reactivity 
often  occurs  in  both  LT  and  MIF  assays.  Thus,  if  we  are  to 
have  a  better  understanding  of  the  duration  of  both  homologous 
and  heterologous  immunity  to  R.  tsutsugamushi,  it  is  necessary 
to  (a)  identify  and  isolate  specific  antigen (s)  that  could  be 
used  in  the  LT  assay  which  vrould  differentiate  between  initial 
and  subsequent  homologous  and  heterologous  infections,  (b)  isolate 
a  specific  immunogen  that  could  be  used  to  obtain  high  affinity 
antibody  in  animals  for  use  in  an  early  antigen  detection  assay, 
and  (c)  isolate  rickettsial  protein  fraction(s)  that  would 
elicit  effective  CMI  responses  in  selected  laboratory  animal 
models. 

Progress:  Crude  membrane  and  soluble  fraction  of  rickettsia 
antigens  were  analyzed  with  polyacrylamide  gel  electrophoresis. 

Six  bands  of  protein  were  separated  from  the  membrane  antigen  and 
designated  from  top  to  bottom  as  MI  to  M6.  Three  protein  bands 
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were  separated  from  the  soluble  antigen  and  were  designated  as 
SI  to  S3  (top  to  bottom  of  gel) .  These  bands  were  cut  out 
from  the  gel  and  pooled  together  respectively  so  that  a 
sufficient  amount  of  the  protein  band  may  be  accumulated  for 
animal  inoculation  as  well  as  for  LT  assay. 

Recorunendat ions :  The  antigenicity  of  each  protein  band  should 
be  studied  in  the  LT  and  MIF  assays.  The  appropriate  fraction(s) 
should  be  qualitatively  recovered  and  characterized. 


CLONING  OF  R.  TSUTSUGAMUSHI  AND  ISOLATION  OF  AVIRULENT  STRAINS 

Problem:  Antigenic  heterogeneity  among  R.  tsutsugamushi  strains 
is  a  well  established  characteristic.  Many  isolates  from 
humans,  rodents,  and  chiggers  have  been  shown  by  DFA  to  react 
with  as  many  as  6  strain  specific  antisera.  The  determination 
of  whether  this  multiple  reactivity  is  the  result  of  a  mixture 
of  strains  within  a  single  isolate  or  a  single  strain  expressing 
a  mosaic  of  strain  antigens  is  important  to  out  understanding  of 
the  induction  of  actively  acquired  immunity  to  scrub  typhus. 

The  predominant  strains  identified  in  R.  tsutsugamushi  isolates 
from  countries  in  the  endemic  region  are  Karp  or  Karp-related. 
The  Karp-related  strains  are  TA716,  TA763  and  TA686,  two  of 
which  (TA716  and  TA686)  are  avirulent  for  mice.  The  majority 
of  isolates  that  react  with  the  Karp-related  strain  specific 
antisera  appear  to  be  mixtures  of  two  or  more  strains. 

Progress:  Several  human  R.  tsutsugamushi  isolates  were  cloned. 
Multiple  clones  of  one  of- the  isolates  are  presently  being 
propagated  for  direct  FA  characterization  and  determination  of 
virulent/avirulent  qualities. 

Recomnendat ion :  Efforts  to  plaque  and  clone  multiple  reactive 
isolates  and to  identify  avirulent  clones  should  continue. 


RAPID  FIELD  DETECTION  OF  R.  TSUTSUGAMUSHI  ANTIGENS 

Problem:  To  develop  a  field/1 aboratory  test  that  will  allow  for 
a  more  rapid  definitive  diagnosis  of  scrub  typhus.  The  latex 
agglutination  procedure,  which  focuses  on  antigen  detection,  is 
under  investigation.  Our  experience  has  shown  that  the 
recognition  of  scrub  typhus  is  often  difficult  in  highly  endemic 
areas  because  classical  signs  of  scrub  typhus  (such  as  eschar 
and  rash)  are  seldom  observed.  Isolation  of  R.  tsutsugamush? 
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using  mouse  inoculation  often  requires  two  or  more  months 
before  a  definitive  diagnosis  is  made.  Rapid,  sensitive, 
specific  and  field  adapted  serological  methods  and/or  a  more 
rapid  means  of  isolating  and  identifying  the  organisms  are 
needed. 

Progress :  Recently  prepared  high  titer  rabbit  anti-R. 
tsutsugamushi  Gilliam  strain  specific  antibody,  partially 
purified  by  ammonium  sulfate  precipitation  and  DEAE  cellulose 
extraction,  was  absorbed  to  latex  particles.  Consistent 
agglutination  occurred  when  antibody  coated  latex  particles  were 
mixed  with  L-929  propagated  Gilliam  strain  R.  tsutsugamushi 
which  had  been  subjected  to  French  pressure  cell  treatment. 

This  agglutination  was  titrated  to  an  endpoint  against  antigen 
dissolved  in  normal  mouse  serum  and  normal  human  urine.  The 
latex  agglutination  procedure  is  currently  being  evaluated  for 
its  ability  to  detect  the  presence  of  antigen  in  the  sera  and 
urine  of  R.  tsutsugamushi  infected  mice. 

Recommendat ions :  Sera  and  urine  of  acutely  ill  PUD  patients 
should  be  tested  for  the  presence  of  agglutinating  antigen. 
Specific  antibody  to  additional  strains  of  R.  tsutsugamushi 
should  be  prepared  for  absorption  to  latex  particles? 
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J.(U)  Study  biology  of  malaria  vectors  In  Brazil;  Study  strain  specificity  of  1«mun<ty 
>  falciparum  malaria;  Determine  reservoir  hosts  for  mucocutaneous  leishmaniasis; 
induct  primary  screening  of  chemicals  for  anti-schistosomiasis  prophylactic  and 
terapeutlc  activity.  These  diseases  are  of  primary  military  medical  Importance  and 
tuld  be  acquired  by  000  personnel  deployed  In  numerous  areas  of  the  world. 

;.(U)  Breeding  s<tes,  population  dynamics  and  flight  range  of  Anopheles  darl4nai  are 
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says  will  be  used  to  study  inwune  phenomena.  Wild  mammals  are  trapped  in  an  endemic 
ea  for  mucocutaneous  leishmaniasis  and  examined  for  infections.  Standard  protocols 
•e  uied  to  screen  for  anc -schistosomal  activity  of  candidate  chemical  compounds 
■  exposed  white  mice. 
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nge  documented.  Population  size  and  fluctuation  measured.  Control  strategy  proposed 
d  will  be  tested.  Plasmodium  falciparum  and  immune  sera  collected  from  three  locations 
the  Amazon.  201  wild  mammals  of  20  species  were  trapped  and  examined  for  lelshmamlal 
fectlons.  Parasites  isolated  recently  from  Proerhimys  inhering!  are  being  studied 
confirm  identity.  2305  chemicals  were  screened  for  anti -scmstosomal  activity  and 
gniflcant  activity  was  detected  in  21.  For  technical  report  see  Walter  Reed 
my  Institute  of  Research  Annual.  Report,  1  Oct  82  -  30  Sep  83. 
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Work  Unit  049  Schistosomiasis,  Malaria  aod  Leishmaniasis  Studies  in 
Brazil 

Investigators:  LTC  Stephen  C.  Hembree,  Ph,D.;  MAJ(P)  Anthony  B. 

Bosworth,  Ph.O.;  Dr.  Aluizio  R.  Prata,  M.D. 


PROBLEMS  AND  OBJECTIVES 


Malaria,  leishmaniasis  and  schistosomiasis  continue  to  pose  a 
threat  to  American  military  personnel  who  are  or  who  might  have  to 
be  stationed  in  the  Middle  East,  Africa,  the  Far  East,  ‘.he 
Caribbean  or  Latin  America.  These  diseases  also  inhibit  develop¬ 
ment  and  cause  great  human  misery,  a  potential  source  of  political 
unrest,  in  many  of  the  developing  countries  where  they  are  found. 

Malaria  is  a  major  and  growing  public  health  problem  in 
Brazil.  Since  1975,  the  number  of  reportes  cases  has  more  than 
doubled.  More  than  220,000  cases  were  reported  in  1982,  the  vast 
majority  from  the  Amazon  region.  In  this  region  the  population 
is  low  and  highly  dispersed,  and  medical  care  (and,  thus,  case 
reporting)  is  only  available  in  population  centers  where 
occurrence  of  malaria  is  low,  relative  to  that  in  remote  areas. 
Drug  resistance  has  reduced  the  effectiveness  of  available 
medicines,  even  where  the  population  has  access  to  medical  care. 
Attempts  to  control  malaria  in  rural  areas  by  use  of  residual 
insecticides  has  had  only  limited  success  because  of  behavior 
patterns  of  the  people,  because  of  the  structural  characteristics 
of  their  dwellings  and  because  DDT  has  been  shovr.t  to  have  a 
repellent  effect  on  the  primary  vector.  The  situation  is 
degenerating,  as  Indicated  by  Ministery  of  Health  statistics,  and 
practicable  alternative  control  measures  are  desparately  needed. 
These  must  be  constrained  to  the  behavioral  and  economic  realities 
of  the  region.  Possibilities  include  the  development  and  proper 
use  of  new  drugs,  a  malaria  vaccine,  and/or  new  vector  control 
strategies.  Optimum  implementation  of  any  of  these  possibilities 
requires  a  detailed  understanding  of  the  transmission  biology  and 
dynamics  of  malaria  under  the  extant  conditions.  Because  of  the 
remoteness  of  th%  region  and  the  paucity  of  trained  field 
epidemiological  specialists  in  Brazil,  only  the  gross  aspects  of 
malaria  epidemiology  in  the  Amazon  are  known.  The  objective  of 
our  field  mauria  studies  is  to  provide  basic  Information  on 
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vector  biology  and  transmission  dynamics  upon  which  alternative 
malaria  control  strategies  can  be  based. 

Technology  for  the  production  by  recombinant  DNA  methods  of 
a  vaccine  against  falciparum  malaria  will  soon  be  available. 

Strong  evidence  indicates  that  immunity  to  malaria  is  strain 
specific.  This  raises  questions  about  the  number  of  antigens  that 
must  be  represented  in  a  vaccine  and  the  degree  of  cross  protection 
provided  for  one  strain  by  antigens  from  another.  We  know 
practically  nothing  about  strains  of  malaria  from  an  Immunological 
stand-point.  Fundamental  questions,  such  as  whether  or  not  one  or 
more  than  one  strain  exists  in  a  given  area,  and  what  is  the  range 
of  distribution  of  any  given  strain,  have  not  been  answered.  It 
may  be  possible  to  use  growth  inhibition  assays  in  microcultures 
to  study  strain  specificity  of  immunity.  The  objective  of  our 
malaria  immunology  studies  is  to  use  growth  inhibition  assays  to 
address  fundamental  questions  about  malaria  strains  such  as  those 
above. 

Cutaneous  and  mucocutaneous  leishmaniasis  are  zoonoses  with 
wild  mamnal  reservoirs.  Leishmaniasis  is  widespread  in  Brazil. 

This  vector  borne  disease  is  difficult  to  diagnose  in  its  early 
stages.  Culture  of  some  strains  of  the  eticlogic  agent  can  not  be 
done  reliably.  Treatment  is  extended,  involves  tne  use  of  toxic 
drugs  and  often  has  to  be  repeated  because  of  ineffectiveness  and/ 
or  relapse.  It  is  difficult  to  confirm  cure.  The  disease  is 
potentially  hideously  disfiguring  and  may  have  a  fatal  outcome. 

The  many  days  required  for  therapy  and  the  detailed  follow-up 
required  to  confirm  cure  would  constitute  an  extreme  burden  on 
medical  facilities.  The  grossly  disfiguring  effects  of  advanced 
mucocutaneous  leishmaniasis  would  horrify  and  have  a  negative 
psychological  affect  on  troops,  unless  they  could  be  given  genuine 
assurances.  We  are  presently  unable  to  prevent  this  disease,  and 
the  reservoir  hosts  and  vector  of  Leishmania  brazil iensis 
braziliensls  are  inadequately  known  for  control  strategies  to  be 
implemented  against  them.  It  is  highly  relevant  to  the  develop¬ 
ment  of  locally  effective  transmission  control  methods  that  the 
animal  reservoirs  for  the  disease  be  identified.  Leishmaniasis 
research  at  USAMRU/Brasi 1 ia  has  the  objective  of  determining  the 
reservoirs  for  mucocutaneous  leishmaniasis,  caused  by  L.  b. 
brazi 1 iensis ,  at  a  study  site  where  the  scope  of  transmission 
appears  to  have  been  extended  to  women  and  children,  concomitant 
with  habitat  modification  in  government  encouraged  agricultural 
development. 

There  currently  is  no  single  drug  that  Is  a  totally 
satisfactory  treatment  for  schistosomiasis.  It  also  is  highly 
desirable  that,  in  addition  to  developing  better  therapeutic  agents , 


497 


I 

we  also  develop  prophylactic  methods,  either  drugs,  treatments 
for  exposed  skin  or  treatments  for  the  uniform,  which  will  reduce 
casualties  resulting  from  exposure  to  schistosomiasis.  The  mode 
of  transmission  of  this  disease  is  such  that  troops  moving  through 
or  stationed  within  an  endemic  area  could  be  expected  to  experience 
a  high  level  of  exposure  and  infection.  This  would  result  in 
unaffordable  and  unnecessary  loss  of  combat  strength  and  would 
result  in  a  burden  on  medical  facilities.  It  should  be  possible, 
through  sustained  research  effort,  to  avoid  these  problems. 

Research  in  schistosomiasis  at  this  laboratory  has  the  objective 
of  primary  screening  of  chemical  compounds  for  prophylactic  or 
therapeutic  activity.  Standardized  screening  procedures  in  a 
mouse  -  Schistosoma  mansoni  -  Biomphalaria  glabrata  system  are 
being  usicT 


PROGRESS 

Malaria:  Modified  Lincoln  Index  and  Barley  Triple  Catch  methods 
were  used  to  estimate  population  sizes  of  Anopheles  dariingi  at  a 
study  site  on  the  Ituxi  River,  State  of  Amazonas.  Considerable 
variation  was  noted  in  the  results  acquired  by  different  indexing 
methods  as  well  as  from  season  to  season  and  from  year  to  year. 
Physiological  age,  mating  success  and  ovipositioning  history  of 
the  population  were  assessed  by  dissecting  and  examining  adult 
females.  Over  94  percent  of  the  population  had  ovaries  in  the 
pre-resting  or  resting  stage  of  development.  Ovaries  of  over  95 
percent  demonstrated  no  evidence  of  previous  ovi positioning. 
Examination  of  recaptured  mosquitoes,  known  to  have  had  a  blood 
meal  before  release,  indicated  a  high  rate  of  ovipositioning. 

The  insemination  rate  of  wild  An.  dariingi  was  76.6  percent. 
Infected  adult  females  were  found,' and  malaria  was  diagnosed  by 
slide  examination  amongst  people  living  at  the  study  site.  Concen¬ 
tration  of  An.  darl ingi  in  the  vicinity  of  human  dwellings  was 
confirmed  by  simultaneous  biting  collections  at  the  study  site 
and  at  other  locations  up  to  2  km  away.  Biting  collections 
produced  over  8,000  adult  females,  73.5  percent  of  which  were 
collected  in  the  early  evening  peak  feeding  period  and  the 
remainder  in  the  dawn  peak  feeding  period.  Sampling  with 
directional  intercept  traps  indicated  that  fed  mosquitoes  were 
leaving  the  partially  cleared  study  area  during  or  shortly  after 
the  dawn  feeding. period. 

Culminating  a  four  year  search  for  the  larval  breeding  site 
of  An.  darl i ngi  in  the  area,  larvae  were  found  along  with  those 
of  An.  nuneztovari ,  in  a  unique,  previously  unreported,  breeding 
habTta t  within  a  few  hundred  meters  of  the  study  area.  Small 
numbers  of  highly  dispersed  larvae  were  found  in  grassy  areas 
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recently  flooded  by  the  rising  river.  Larvae  were  often  found 
between  floating  leaf  litter  and  the  surface  film.  They  were  very 
difficult  to  see  on  cursory  observation  and  were  difficult  to 
capture.  The  habitat  is  being  more  completely  studied  and 
described.  The  observations  have  been  repeated  at  other  locations 
in  the  study  area  a  d  at  different  seasons.  Internally  consistent 
characteristics  of  his  species  in  this  area  are  highly  dispersed 
breeding  in  low  den,ity,  strong  flight  capability,  very  strong  host 
seeking  behavior  and  a  tendency  to  concentrate  in  areas  occupied 
by  people.  It  seem;;  to  approach  human  habitations  at  dusk,  to 
have  a  strong  dusk  end  weaker  dawn  feeding  peak,  to  remain  in  the 
vicinity  of  habitations  at  night,  and  probably  to  return  to  the 
jungle  to  find  suitable  resting  microhabitats  and  ovipositioning 
sites  at  dawn.  Further  study  of  the  behavior  and  biology  of  this 
species  are  important  to  the  development  of  strategies  for  its 
control. 

Related  progress  includes  the  initiation  of  seasonal  prevalence 
and  spatial  distribution  studies  of  known  and  potential  malaria 
vectors  in  the  vicinity  of  the  city  of  Labrea,  Amazonas.  Taxonomic 
specimens  and  eggs  for  colonization  attempts  have  been  sent  to  the 
US.  Colonization  attempts  there  and  in  Brazil  have  not  yet  been 
successful.  Entomological  assistance  has  been  provided  the 
Institute  for  Tropical  Diseases  in  Manaus,  Amazonas,  in  initiating 
a  malaria  epidemiology  project  in  the  State  of  Rondonia. 

Malaria  parasites  (Plasmodium  falciparum)  and  associated  sera 
have  been  collected  on  the  Ituxi  fliver,  from  the  vicinity  of  Labrea 
and  from  the  vicinity  of  Manaus.  These  are  being  held  in  liquid 
nitrogen  until  a  license  in  granted  by  the  Brazilian  government 
to  import  the  radioactive  tracer  materials  needed  to  do  growth 
inhibition  assays  in  the  malaria  immunology  study.  Verbal 
confirmation  has  been  received  that  the  license  would  be  granted, 
but  the  number  has  not  yet  been  received. 


Leishmaniasis:  Sixty-seven  trap  nights  at  the  Tris  Bragos,  Bahia, 
study  area  yielded  201  wild  mammals  of  21  species,  and  two  specimens 
of  an  additional  species  were  caught  by  hand.  Four  distinct 
habitats  were  sampled:  tall  forest,  secondary  scrub,  plantation 
(banana  and  cacao  trees),  rod  tall  grassland.  Both  species 
diversity  and  trapping  success  varied  by  habitat:  tall  forest  - 
17  species,  2.3  percent  trapping  success;  secondary  scrub  -  9 
species,  25.0  percent  trapping  success;  plantation  -  6  species, 

2.0  percent;  tall  grassland  -  7  species,  21.3  percent  trapping 
success.  Most  species  showed  strong  habitat  preference.  Twelve 
of  22  species  were  found  in  only  1  of  the  4  habitats  represented 
and  an  additional  6  species  were  found  in  only  ?  habitats.  Four 
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species  were  found  in  all  4  habitats  sampled. 

All  mammals  collected  were  necropsied  in  the  Ires  Bragos 
laboratory  and  tissue  specimens  (skin,  spleen  and  liver)  from  all 
animals  captured  were  inoculated  intraperiotoneally  ami  into  the 
feet  of  hamsters.  Two  isolates  have  been  recovered  from  the  rodent 
Proechnys  inherinql ,  22  of  which  were  trapped  from  the  tall  forest 
habitat,  only.  These  isolates  are  currently  being  studied  to 
confirm  their  ident;ty. 

Additional  progress  includes  the  near  completion  of  a  new 
health  post  at  Ires  Sragos  that  will  include  laboratory  and  animal 
rooms  for  our  use.  Arthropoc  ectoparasites  were  collected  from 
all  specimens  and  have  been  sent  to  specialists.  Fourty-six 
species  of  fungi  have  been  isolated  from  the  fur  of  these  mammals 
in  a  cooperative  study  with  the  University  of  Brasilia.  We  are 
cooperating  with  Division  of  Mammals,  Smithsonian  Institution,  in 
a  study  of  the  mammals  from  the  Brazilian  coastal  forest  region, 
an  area  poorly  represented  in  their  collections,  by  providing  then 
study  material . 


Schistosomiasis:  In  the  Primary  Mortality  Test  (PMT)  system, 
designed  to  detect  potential  prophylactic  activity  in  candidate 
compounds,  1058  compounds  were  tested.  245  compounds  were  toxic 
and  804  compounds  were  non-toxic  but  inactive.  Significant  activ¬ 
ity,  by  the  definitions  of  the  protocol,  was  detected  in  9 
compounds.  An  additional  140  compounds  were  retested  in  this 
system  to  validate  previous  results.  In  the  Primary  Curative  Test 
(PCT)  designed  to  detect  potential  therapeutic  activity  in 
candidate  compounds,  1247  compounds  were  tested.  113  compounds 
were  toxic  and  1122  were  non-toxic  but  inactive.  Significant 
activity,  by  the  definitions  of  the  protocol,  was  detected  in  12 
compounds.  An  additional  44  compounds  were  retested  in  this 
system  to  validate  previous  results.  A  total  of  2489  compounds 
were  tested  or  retested,  and  21  active  compounds  were  found.  Many 
of  the  compounds  tested  are  proprietary.  Data  were  provided  the 
Division  of  Experimental  Therapeutics,  WRAIR,  for  further 
processing  .nd  to  use  in  the  selection  of  other  compounds  for 
testing. 

The  mouse  colony  supporting  this  study  has  been  returned  to 
the  University  of  Brasilia  bioterio,  where  it  will  be  under  the 
supervision  of  a  veterinarian.  The  snail  colony  remains  capable 
of  supporting  the  project. 

Preliminary  studies  in  an  area  being  considered  for  a  field 
epidemiology  schistosomiasis  study  indicate  high  endemicity  exists 


In  the  human  population.  Additionally,  what  appears  to  be 
Schistosoma  manscni  was  found  in  wild  mammals  frequenting  aquatic 
habitats:  t)i del  phis  albiventris  (2  of  6  specimens);  Oryzomys 
el iurus  (1  of  4);  Zygodontomys  lasiurus  (3  of  36);  and  Caviaaperea 
(29  of  44  specimens)? 


RECOMENDATIONS 

1.  Increase  the  scope  of  the  malaria,  leishmaniasis  and  schisto¬ 
somiasis  projects  to  include  epidemiology  in  human  populations. 

2.  Vigorously  continue  all  aspects  of  the  entomological  part  of 
the  malaria  project. 

3.  Initiate  entomological  studies  to  determine  the  vector  of 
j_.  b.  brazil iensis  in  the  Tres  Bragos  study  area. 

4.  All  studies  should  have  as  their  final  objective  the  develop¬ 
ment  of  practicable  control  strategies  for  the  relevant  diseases 
in  Brazilian  populations. 


PRESENTATIONS 

Bosworth,  A.,  1983.  Aspects  of  the  directional  flight  of  Anopheles 

darlinqi  mosquitoes  at  Floresta,  Amazonas.  Ann.  Mtg.  Am.  Mosq.. 
Control  Assoc. ,  Lake  Buena  Vista,  Florida.  27  Feb  -  3  Mar  1983. 

Bosworth,  A.  1983.  Entomological  hazards  in  tropical  medicine. 

VII  Curso  de  Aperfeigoamento  em  Medicina.  Faculty  of  Medicine, 
University  of  Brasilia.  1  Sept  -  29  Oct  1983. 
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23.  (0)  The  objective  of  this  program  is  to  develop  an  effective,  practical  vaccine 

against  African  trypanosomiasis,  useful  to  both  military  and  civilian  agencies.  Rela' -.1 
benefits  include  acquisition  of  knowledge  pertaining  to  trypanosome  immunity,  host 
response  and  pathology  of  infection.  There  is  a  requirement  for  these  studies  which 
should  provide  a  basis  for  rational  development  of  a  vaccine  for  this  disease  which  would 
constitute  a  serious  hazard  for  military  personnel  operating  in  the  endemic  area.  24. 

(U)  Experiments  conducted  at  WRAIR  and  in  Kenya  have  demonstrated  that  experimental 
^animals  can  be  successfully  iamainized  with  irradiated  trypanosomes.  Rodents,  cattle  and 
tacnkeys  can  be  rendered  completely  resistant  to  a  challenging  infection  of  T.  rhodesiens^ 
25.  (U)  82  10  -  8309  During  this  period  the  investigators  continued  to  monitor  the 

antigenic  stability  of  parasites  from  western  Kenya.  Current  evidence  indicates  that 
there  was  a  significant  antigenic  shift  in  the  1980-81  outbreak.  Epidemiology  and  treaci 
fment  record  analysis  studies  continued.  A  treatment  center  was  opened  in  western  Kenya 
Isituated  north  of  che  Laxnbwe  Valley  endemic  area  and  to  the  east  of  Che  Ugandan  epidemic 
Jarea.  This  center  will  serve  as  a  routine  treatment  facility  and  research  facility  for 
che  evaluation  of  standard  drugs  available  and  USMRDC  developed  drugs  effective  in 

Ecreens  againsc  human  African  trypanosomiasis.  An  experimental  compound  VR  163577  is 
eing  evaluated  in  Che  goaC  model  againsc  T.  brucei  infection.  For  technical  report  see 
alcer  Reed  Army  Institute  of  Research  Annual  Progress  Report  1  October  1982-30 
jSepcember  1983. 
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PROJECT  3M16277QA870  risk  ASSESSMENT  OF  MILITARY  DISEASE  HAZARDS 
WORK  UNIT  0S0  VACCINE  DEVELOPMENT  IN  TRYPANOSOMIASIS 


INVESTIGATORS : 

PRINCIPAL:  LTC  M.J.  REARDON,  VC 

ASSOCIATES:  LTC  J.D.  CHULAY,  MC 

LTC  L.D,  HENDRICKS,  MSC 
B.T.  WELLDE,  GS13 
MAJ  A.  WOZNIAK,  MSC 
CPT  R.F.  BEACH,  MSC 
CPT  K.J.  LINTHICUM,  MSC 


PROGRESS  IN  TRYPANOSOMIASIS  RESEARCH 
Epidemiology  Survey 

Data  collected  during  the  1981-82  survey  is  being  collated  and 
processed.  Medical  records  of  sleeping  sickness  patients  have  been 
screened  for  treatment  regimen,  relapses,  etc.  Followup  interviews 
and  examinations  have  been  performed  on  confirmed  cases.  Over  seven 
hundred  individuals  have  been  identified  as  having  sleeping  sickness 
becween  1961  and  1983.  The  deaths  are  being  examined  separately  in 
an  attempt  to  determine  cause  and  relationship  to  sleeping  sickness 
and/or  treatment.  Likewise  various  treatment  regimens  followed  over 
the  years  are  being  examined  for  patterns  of  cure,  relapse,  drug 
reaction  and  fatalities.  These  data  will  be  used  to  formulate 
protocols  for  treatment  of  patients  at  the  Alupe  treatment  center. 


Alupe  Treatment  Center 

A  physician  was  assigned  Co  head  Che  canter  and  began  organizing 
Che  sCaff  in  laCe  SepCember.  Equipping  Che  facilicy  and  Craining  Che 
sCaff  is  progressing  on  schedule.  It  is  anticipated  that  initial 
studies  will  center  around  the  documentation  of  WHO  approved  treatment 
regimens  in  an  effort  to  compile  reliable  data  to  support  future 
protocols. 


Lambwe  Valley  Trypanosome  Studies 

Studies  conducted  jointly  with  the  Kenya  Trypanosomiasis  Research 
Institute  have  indicated  that  the  parasites  involved  in  the  1980-81 
epidemic  were  different  than  those  identified  in  the  valley  between 
1973  and  1979.  Isoenzyme  analysis  and  serum  neutralization  studies 
are  in  agreement.  Recent  cases  identified  from  outside  the  valley 
have  been  catted  by  parasites  identified  as  being  of  the  valley  types 
of  1973-79  indicating  that  the  dissemination  occurred  before  the 
recent  epidemic.  These  studies  are  continuing  at  the  present  time. 

To  date  there  have  been  46  confirmed  cases  in  calendar  1983. 


PROGRESS  IN  LEISHMANIA  RESEARCH 
|  Biochemical  Characterisation  of  Kenyan  Leishmania  Isolates 

Cellulose  acetate  electrophoresis  (CAE)  is  now  being  used  to 
characterize  Leishmania  isolates.  Unknowns  are  electrophoretically 
separated  alongside  already  characterized  control  isolates  then 
|  stained  for  specific  enzymes  to  produce  zymograms.  The  location  of 
|  enzyme  bands  on  such  zymograms  (migration  distance  from  the  origin) 
can  be  compared  and  the  similarity  of  the  unknown  and  one  of  the 
controls  determined  visually.  At  present,  characterization  is  based 
:  on  such  comparisons  using  5  different  enzymes:  PGI  -  phosphoglucoi- 
somerase,  G6PI'H  -  glucose-6-phosphate  dehydrogenase,  ME  -  malic 
|  enzyme,  PGM  -  phosphoglucomutase  and  ASAT  -  aspartate  aminotransferase. 
Our  controls  include  the  following: 


NLB  9 

Taxonomic  identity 

origin/characterized  at 

005 

L.  adleri 

Kenya/Liverpool  School 
Trop  Medicine 

070 

L.  major 

Jericho  Valley /Hadassah 
Med  School 

061 

L.  donovani 

Ethiopia/Hadassah  Med. 
School 

'f-  J 


505 


Nine  additional  enzymes,  for  a  total  of  15,  will  be  screened  in 
an  effort  to  identify  which  systems  most  clearly  differentiate  our 
control  strains.  It  is  hoped  that  as  few  as  4  well  chosen  enzymes  will 
differentiate  all  Leishmania  occurring  in  Kenya.  This  estimate  is 
based  on  the  observations  of  Dr.  Richard  Kreutzer,  who  has  indicated 
that  4  enzymes  are  sufficient  to  separate  all  New  World  species  of 
Leishmania  he  has  examined  -  this  includes  much  af  the  WRAIR  Leishmania 
Bank . 


A  CAE  project,  already  underway  involves  characterization  of  6 
isolates  from  5  different  species  of  rodents  captured  during  a 
leishmaniasis  reservoir  study.  Preliminary  results  are  shown  below. 


Leishmaniasis  Reservoir  Study:  Characterization  of  Isolates 

from  Small  Rodents 
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to 
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**  same 
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G6PDH 

A  similar  analysis  is  also  being  applied  to  sandfly  isolates. 

All  projects  remain  in  the  pilot  study  catagory  until  more  enzymes 
are  screened  and  in  some  cases  better  replicates  of  those  enzymes 
already  examined  are  produced. 

Band  migration  will  eventually  be  quantified,  all  bands  being 
assigned  a  relative  migration  value  (Rf)  which  indicates  migration 
distance  as  a  proportion  of  the  distance  migrated  by  a  reference  band. 
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Localization  of  Leishmania  Donovan i  In  Experimental  Infected 
Sandflies:  An  Indicator  of  Vector  Competence 


Only  three  of  the  more  than  forty  sandfly  species  occurring  in 
Kenya  are  thought  to  transmit  Leishtaania  donovani .  These  are 
Phlebotomus  martini,  Phlebotomus  cel lae  and  Phlebotomus  vansomeranae . 
The  vector  competence  of  these  species  reflects  their  anthropophilic 
biting  behavior  and  their  ability  to  sustain  L.  donovani  in  the  fore¬ 
gut  of  the  alimentary  system,  from  where  the  promastigote  forms  of 
the  parasite  are  probably  transmitted  during  bloodfeeding.  The 
present  study  compared  the  fate  of  L.  donovani  in  J?.  martini  and 
Sergentomyia  schwetzi,  a  nonvector  sandfly.  At  regular  intervals, 
following  infection,  both  species  were  dissected  to  determine  if  and 
when  promastigotes  moved  from  the  mid-gut  to  the  head  of  the  insect. 
Prior  to  dissection  flies  were  also  allowed  to  feed  on  hamsters 
thereby  correlating  parasite  localization  in  the  alimentary  system 
with  transmission  of  L.  donovani .  The  results  suggest  that  anterior 
migration  is  a  prerequisite  for  transmission  of  L.  donovani  and  that 
the  physiological  conditions  which  promote  such  transmission- 
favoring  movement  do  not  occur  in  the  nonvector  species. 


Leishmania  major  in  Kenya  (East  Africa):  Transmission  to  a  Human  by 
Bite  of  a  Naturally  Infected  Phlebotomus  dubofcoi  Sandfly 


We  isolated  Leishmania  from  a  Phlebotomus  duboscqi  female 
captured  in  Caringo  District,  Kenya,  and  from  papular  lesions  that 
developed  at  sites  where  this  sandfly  had  fed  on  a  human.  When 
characterized  by  cellulose  acetate  electrophoresis  (8  enzymes 
examined)  these  isolates  proved  to  be  identical  to  known  Leishmania 
major  strains  from  a  human  and  a  rodent  (Arvicanthis  sp.)  and 
different  from  Leishmania  donovani  and  Le'.shmania  adleri  which  also 
occur  in  Baringo.  This  is  the  first  case  of  human  cutaneous  leish¬ 
maniasis  caused  by  L.  major  reported  from  Kenya. 


Comparison  of  Three  Culture  Media  for  Isolating  Leishmania  donovani 
from  Splenic  Aspirates  in  Kenyan  Visceral  Leishmaniasis 


Three  culture  media  were  compared  for  their  sensitivity  in 
isolating  Leishmania  donovani  from  splenic  aspirates  from  patients 
with  visceral  leishmaniasis.  A  total  of  151  splenic  aspirates  were 
obtained  from  18  patients  before,  during  and  after  chemotherapy. 
Aspirates  were  cultured  in  Schneider's  Drosophila  medium  supplemented 
with  20%  fetal  bovine  serum  (SCH),  a  rabbit  blood-agar  diphasic 
medium  (NNN)  overlayed  with  normal  saline  (NS),  and  NNN  overlayed 
with  SCH.  Giemsa  stained  aspirate  smears  were  microscopically 
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examined.  Of  the  77  aspirates  that  were  positive  by  any  method, 

88Z  were  po: itive  on  smears,  57Z  were  positive  in  NNN/SCH,  29Z  were 
positive  in  NNN/NS,  and  25Z  were  positive  in  SCH.  Microscopy  plus 
culture  gave  complementary  results.  We  suggest  that  for  optimal 
diagnosis  and  evaluation  of  response  to  treatment  of  visceral  leish¬ 
maniasis  in  Kenya,  splenic  aspirates  should  be  examined  by  microscopy 
and  cultured  in  NNN/SCH. 


High-Dose  Sodium  Stibogluconate  Treatment  of  Cutaneous  Leishmaniasis 
In  Kenya 

Cutaneous  leishmaniasis  caused  by  Le i 3hman ia  aeth iopica  usually 
responds  poorly  to  conventional  doses  of  pentavalent  antimonial 
drugs.  We  treated  three  patients  with  cutaneous  leishmaniasis 
acquired  in  Kenya,  presumed  or  documented  to  be  caused  by  L.  aethio- 
pica  with  intravenous  sodium  stibogluconate,  18-20  mg  Sb/kg  body 
weight  twice  daily  for  30  days.  All  patients  had  a  good  response  to 
treatment,  with  disappearance  of  parasites  from  skin  smears  and 
cultures  after  14  to  27  days,  clinical  healing  of  the  lesions,  and 
no  recurrence  during  a  3  to  18  month  follow-up.  Side  effects  of 
treatment  were  minor.  We  conclude  that  this  high  dose  sodium 
stibogluconate  regimen  is  safe  and  effective  for  treating  cutaneous 
leishmaniasis  caused  by  L^.  aeth  iopica  in  Kenya. 


PROGRESS  IN  RIFT  VALLEY  FEVER  RESEARCH 

Mosquito  Spe c  ies  Succession  In  A  Dambo  In  An  East  African  Forest 

The  mosquito  larval  and  pupal  fauna  of  a  dambo  in  a  primary 
forest  in  Nairobi  Area,  Kenya  was  monitored  during  the  short  rainy 
season.  The  relative  density  of  the  innature  stages  of  6  species 
was  recorded  daily  for  a  3  month  period.  Aedes  (Aed imorphus) 
cuirminsii  mediopunctatus  (Theobald),  Ae  .  ( Ne  ome  1  an  icon  ion  I 
1 ineatopenm 9  (Ludlow),  and  Ae .  (Muc i du s )  sudanens i s  ( Theobald)  were 
the  firs.,  o  species  collected  following  flooding.  Culex  (Culex) 
quasiguiarti  (Theobald),  Anopheles  (Anopheles)  coustan i  (Lavcran) 
and  Cx.  (Cux.)  the  i  1  er  i  (Theobabld),  were  collected  beginning  16,  17 
and  33'  days  respect  ively  following  flooding.  Each  of  the  3  Aedes 
spp.  disappeared  after  one  generation.  All  populations  decreased 
to  zero,  after  day  48. 
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Transovar ial  Maintenance  of  Rift  Valley  Fever  Virus  In  Kenya  By 
Aedes  Lineatopennis  mosquitoes 


Rift  Valley  fever  virus  was  isolated  from  reared  adult  tasle 
and  female  Aedes  1 ineatopennis  collected  as  larvae  and  pupae  on  a 
ranch  in  Kenya  during  November  and  December  1982.  This  suggests 
transovarial  transmission  of  the  virus  and  supports  an  hypothesis 
that  the  virus  is  maintained  during  the  interepizootic  periods  by 
transovarial  transmission  in  Aedes  1 ineatopennis . 


Blood  Feeding  Activity  Of  Mosquitoes  At  A  Flooded  Grassland  Dambo 
In  Kenya 


The  biting  activity  of  mosquitoes  encountered  after  flooding 
of  a  grassland  dambo  in  Kenya  was  examined  using  human  and  calf 
bait.  A  total  of  2,319  female  mosquitoes,  representing  9  species, 
were  collected  during  a  96  hr  period  at  human  bait  and  a  48  hr 
period  at  calf  bait.  Aedes  1 ineatopenn i s  was  the  most  commonly 
captured  species.  It  represented  85t  at  the  specimens  collected  at 
human  bait  and  96Z  of  the  specimens  collected  at  calf  bait.  Diel 
biting  activity  was  established  for  Ae.  1 ineatopennis.  Ae.  cumminsii 
med  iopunctatus  and  Ae  .  den'.atus. 


RC  COMMENDATIONS 
African  Trypanosomiasis 

It  is  recommended  that  human  treatment  studies  and  Larabwe  Valley 
monitoring  continue.  The  use  of  the  goat  model  should  be  expanded 
and  refined. 

Lei shman  iatis 

Drug  efficacy  and  pharmacokinetic  studies  should  continue  on 
currently  available  compounds  until  such  time  as  new  compounds  or 
new  formulations  ore  available  for  field  trials.  Vector-reservoir 
field  studies  should  be  expanded.  Controlled  biochemical  typing, 
morphologic  taxonomy  and  transmission  studies  should  be  implemented 
as  colony  raised  sandfly  become  available. 

Rift  Valley  Fever 

efforts  should  continue  along  present  lines  of  investigation 
since  present  data  is  preliminary. 
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23  (U)  Research  efforts  In  this  department  continue  to  be  directed  toward 
Gastrointestinal  diseases  of  military  importance.  Focus  is  cn  entercpethogenic 
bacterial  diarrheal  disease  caused  by  pathogenic  E.coli,  but  also  Salmonella.*: Is , 
Shigellosis  and  Cholera.  These  have  critical  military  relevance  because  of  their 
influence  cn  troop  mobility,  particula.  iy  following  deployment  of  units  to  new  areas, 
2«  (U)  Studies  of  bacterial  diarrhea  are  being  conducted  in  4  general  areas  1)  Mucosal 
•dherence  as  a  determinant  cf  bacterial  colonization.  21  intestinal  immune  response  to 
bacterial  Infection.  3)  Pharmacologic  modification  fo  effects  of  infections  on 
intestinal  transport  and  4)  Motility.  Studies  utilized  preparations  of  intestinal 
membrane  fractions,  bacterial  adherence  factors  iptli),  isolated  and  functionally 
characterized  intestinal  mononuclear  cells,  in  vi,vo  is  isolated  and  in  vivo  acute  and 
chronic  recording  of  intestinal  myoelectric  activity. 

2C  (0)  92  10-  8309  Mucosal  Adherence :  Colonization  factor  antigen  UFA/I II)  adherence 
pili  have  been  prepareo  in  quantity  and  tested  In  humans  as  an  oral  vaccine  against 
adherent,  toxigenic  E.col<  vnich  cause  Traveler’s  diarrhea.  Immunology:  A  synthetic 
cctapepti de,  the  antigenic  site  for  a  large  immunogenic  peptide,  has  been  prepared  and 
utilized  as  an  in  vitro  immur  '  n  a'  the  cucoaal  immune  system.  Transport:  Membrane 
vessicle  studies  confirmed  the  enhancement  of  D-glucose  uptake  by  cholera  toxin 
previously  teen  in  Ussing  ch.-^.rs.  Motility:  Migrating  action  potential  complexes 
are  a  perlst'ltic  resprr.se  Induced  y  a  vari-  y  of  stinui*  including  ente:  oxins, 
mucosal  iannre  and  luminal  dlst  r.t*.  n.  F:r  •  •■hr.'-al  r-rr  see  Walter  R-  1  Army 
Institute  'i  l  A  Arv.'tl  tt  ,  -  “  ^  ~  -  -  30  Oep  “3 
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PROBLEMS  AND  OBJECTIVES 

1.  Role  of  Mucosal  Adherence  in  Bacterial  Colonization 


Colonization  of  the  small  intestine  is  a  prerequisite  for  the 
production  of  clinical  diarrhea  by  many  enteropathogens,  including 
the  an tero pet ho genic  (EPEC)  and  enterotoxigenic  (ETEC)  groups  of 
E.coll.  The  latter  group  (ETEC)  is  responsible  for  a  majority  of 
cases  of  Traveller's  diarrhea.  One  important  mechanism  promoting 
small  bowel  colonization  is  the  adherence  of  bacteria  to  the 
Intestinal  mucosal  surface.  In  order  to  develop  effective  aeans  of 
preventing  and  treating  bacterial  diarrhea  we  have  been  attempting 
to  answer  the  following  questions:  What  are  the  structures 
(adhesins)  on  the  surface  of  bacteria  which  enable  them  to 
specifically  attach  to  the  host's  mucosal  cells?  What  are  the 
receptors,  or  binding  sites,  for  bacteria  on  the  host's  intestinal 
cells?  What  immunologic  or  pharmacologic  aeans  can  be  used  to 
prevent  or  reverse  the  adherence  of  pathogenic  bacteria  to  the 
intestine?  Can  an  adherence  antigen  be  used  as  an  effective  oral 
vaccine  against  enteric  infection  with  pathogenic  E.coll? 

ii.  Role  of  Host  Iaaune  Mechanisms 


The  mechanisms  of  local  immunization  and  the  regulation  of 
local  Immune  responses  at  the  level  of  the  intestinal  aucoea  are 
being  studied  to  develop  better  oral  vaccines.  Synthetic  paptide 
immunogens  are  being  developed  as  oral  vaccines  to  give  protective 
intestinal  mucosal  immunity.  The  goal  is  to  have  vaccines  giving 
long  term  T-lyaphooyte  immunity  without  interfering  secretory 
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antibody  production  thus  allowing  subsequent  booster  oral 
innunization  for  both  specific  T-lymphocyte  and  local  secretory 
antibody  immmity.  Peptide  antigenic  site  modification  is  the 
approach  being  taken  leading  towards  cross-reactive  T-lyap'nocy te 
immunization  without  cross-reacti ve  antibody  formation  as  a 
prototype  for  initial  intestinal  innunization  allowing  for  booster 
immunization  with  the  modified  peptide  antigen.  Lymphocytes  from 
the  gut  associated  lymphoid  tissue  (GALT)  are  being  used  for  in 
vitro  immunization  and  challenge  with  synthetic  peptide  antigens. 

iii.  Alterations  of  Intestinal  Transport 


The  objective  is  to  obtain  a  better  understanding  of  certain 
functional  properties  of  the  intestine.  We  are  particularly 
interested  in  the  secretion  of  fluid  and  ions  into  the  intestinal 
lumen.  We  hope  to  obtain  further  information  on  the  nature  of  the 
secretory  process  (processes),  including  it's  anatomical  location, 
mechanism  of  operation  and  its  sensitivity  to  various  reagents, 
both  stimulatory  and  inhibitory.  These  secretory  processes  are  of 
particular  Interest  with  respect  to  bacterial  diarrhea  because  they 
may  be  involved  in  the  relevant  pathophysiology.  Attempts  to 
answer  the  following  questions  may  aid  the  development  of  more 
effective  or  simpler  therapies  for  bacterial  diarrhea.  What  are 
the  mechanisms  for  salt  and  water  transport  under  normal  conditions 
and  in  the  secretory  state  induced  by  bacterial  toxins  and  other 
secretory  stimuli?  Can  pharmacologic  agents  reverse  the  salt  and 
water  secretion  induced  by  bacterial  toxins  and  other 
secretogogues? 

iv.  Alterations  of  Intestinal  Motility 

In  what  ways  Is  gastrointestinal  motility  altered  in  enteric 
infection  and  do  these  alterations  contribute  to  the  genesis, 
symptomatology,  pathophysiology  and  resolution  of  enteric 
disease?  What  are  the  mechanisms  and  neurohumoral  pathways  by 
which  enteric  infection  and  enterotoxins  mediate  alterations  of 
gastrointestinal  motility  and  what  is  the  effect  of  diet  and 
therapeutic  agents  on  these  pathways?  Do  luminal  toxins  produce 
changes  in  gastrointestinal  motility  similar  to  those  produced  by 
native  disease?  Are  diet,  mucosal  transport  processes,  mucosal 
•damage,  mucosal  inflammation,  luminal  contents  and  distension,  and 
gastrointestinal  motility  responses  related?  Do  motility  and 
therapeutic  intervention  affect  enteric  microbial  colonization, 
infection,  imminity  and  host  responses?  How  do  motiltiy  patterns 
correlate  with  peristalsis  and  transit  time?  Do  alterations  in  one 
intestinal  area  affect  motility  in  another  area?  How  do  snail 
intestinal  and  colonic  motility  relate  to  produce  a  net  clinical 
pattern? 
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i.  Role  of  Mucosal  Adherence  In  Bacterial  Colonization 

Traveler's  diarrhea  (TD)  is  of  great  military  concern  because 
of  the  high  likelihood  that  it  will  have  a  debilitating  effect  on 
troops  shortly  after  their  deployment  to  endemic  areas.  TD  is  most 
co no only  caused  by  enterotoxigenic  E.ooll  (ETEC).  ETEC  strains 
from  TD  patients  produce  surface  pill  or  fimbria  which  function  as 
colonization  factor  antigens  (CFAs)  which  promote  association  of 
organisms  with  the  intestinal  mucosa.  Two  antigenic  types  (CFA 'I 
and  CFA/II)  were  initially  recognized  in  human  ETEC  isolates,  but 
additional  CFA's  have  subsequently  been  demonstrated  and  more 
remain  to  be  discovered.  Studies  of  analagous  animal  infections 
show  that  susceptible  hosts  can  be  protected  from  intestinal  E. coll 
colonization  by  passive  administration  of  IgA  ar.tipilus  antibody. 

In  theory,  an  effective  vaccine  against  ETEC-induced  TD  should 
stimulate  local  secretion  of  IgA  against  CFA  and  oral 
administration  of  purified  CFA  should  induce  a  maximal  response. 

Purified  preparations  of  CFAs  (pill)  from  enterotoxigenic 
E.coll  ETEC)  are  candidates  as  oral  vaccines  against  TD  since 
native  preparations  stimulate  a  mucosal  secretory  IgA  response 
(anuual  report  1982)  which  could  prevent  intestinal  colonization  by 
organisms  experessing  such  CFAs.  Since  CFAs  are  prepared  by 
harvest  from  cultures  of  human  ETEC,  no  viable  parent  organisms 
must  remain  in  the  final  oral  vaccine  preparations.  Filtration 
sterilization  has  been  impractical  because  CFAs  are  particulate. 
Other  methods  of  sterilization,  such  as  radiation  or  formalin, 
might  alter  antigenicity.  To  compare  the  immunogen icity  of  CFA 
preparations  sterilized  by  gamma  radiation  (100  kilorads)  and 
formalin  (0. 1j) ,  we  harvested  CFA/II  pill  from  an  06:H16  ETEC 
strain  of  E.coll  (M424C1),  documented  purity  by  electrophoresis, 
sterilized  them  by  radiation  or  formalin  and  compared  their 
abilities  to  stimulate  specific  anti-CFA/II  IgA  following 
inoculation  into  rabbit  ileal  (Thiry-Vella)  loops.  Loops  were 
Inoculated  with  8,  Img  doses  of  radiated  or  formalin  treated  CFA/II 
preparations  over  4  weeks.  Loop  secretions  were  collected  daily 
and  specific  anti-CFA/II  IgA  measured  with  a  double  sandwich  ELISA 
with  native  CFA/II  immobilized  on  the  microtiter  wells.  Formalin 
and  radiation  sterilized  preparations  gave  parallel  responses  at  a 
1/20  •'ilutlcn  of  loop  secretions  and  reached  peak  and  plateau 
responses  during  the  week  following  the  final  inaunization.  3  of  4 
rabbits  immunized  with  the  formalin  treated  CFA/II  preparation  had 
peak  and  plateau  responses  Indistinguishable  from  each  other  and 
from  the  responses  of  rabbits  inoculated  with  radiation-sterilized 
pill.  Mean  plateau  responses  in  the  two  groups  were 
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indistinguishable.  These  results  indicate  that  preparations  of 
CFAs  from  ETEC  can  be  sterilized  either  by  radiation  or  formalin, 
yet  retain  their  mucosal  immunogenicity,  inducing  an  IgA  response 
which  recognizes  native  CFA.  These  results  support  development  of 
CFA  preparations  as  oral  vaccines  for  TD. 

In  collaboration  with  Dr.  S.  Berman  at  the  Forest  Glen 
facility  we  have  prepared  a  lot  of  CFA/II  pilus  antigen  which  is 
sterile,  immunogenic  in  animals,  and  safe  for  oral 
administration.  An  IND  application  was  approved  to  permit  testing 
of  the  vaccine  product  for  iamunogenicity  and  efficacy  in  human 
volunteers  under  the  supervision  of  Dr.  M.M.  Levine  and  colleagues 
at  the  Center  for  Vaccine  Development,  University  of  Maryland,  and 
initial  studies  have  been  performed. 

The  CFA/II  pilus  (fimbrial)  preparation  developed  in  our 
laboratory  from  the  06:H16  E.coll  strain  M424C1  and  prepared  in 
quantity  by  Dr.  Sandy  Berman  at  Forest  Glenn  was  tested  for 
immmogenicity  after  oral  administration  and  efficacy  in  protecting 
against  challenge  with  E.coll  strain  E24377A,  an  (0139:H28)  CFA/II 
bearing  strain,  at  the  Center  for  Vaccine  Development  of  the 
University  of  Maryland.  10  healthy  volunteers  received  Eight  1.7mg 
doses  of  oral  CFA/II  (2  doses/week  for  four  weeks)  .  Each  dose  was 
given  with  2gms  of  sodium  bicarbonate  and  90  minutes  following 
300mg  of  cimetadine  intended  to  prevent  the  adverse  effects  of 
gastric  acidity  on  the  protein  preparation.  No  adverse  reaction 
were  noted.  Sera  were  collected  on  day  10,  21,  and  28  and  jejunum 
fluid  on  day  14  and  29  following  the  end  of  vaccination.  Only  2  of 
10  vaccinees  developed  significant  serum  antibody  rises  against  the 
CFA/II  vaccine  as  measured  by  ELISA.  These  2  vaccinees  also 
developed  a  secretory  IgA  antibody  response  in  jejunal  fluid.  8  cf 
the  vaccinees  were  challenged  by  5  x  10“  organism  of  strain 
E24377.  6  of  8  controls  developed  diarrhea  (67?)  and  3  of  8 

vaccinees  (38?).  Only  one  of  the  2  vaccinees  who  develops  serum 
and  Jejunum  antibody  to  CFA/II  vaccines  was  challenged.  This 
volunteer  did  not  experience  diarrhea.  These  studies  suggest  that 
although  immunization  with  CFA/II  might  be  protective,  the  CFA/II 
preparation  administered  orally  was  poorly  innunogenic. 

Additionally  characterization  of  the  CFA/II  vaccine  was 
obtained  in  light  of  recent  Information  on  the  antigenic 
heterogeniety  of  CFA/II  bearing  strains.  "CFA/II”  is  not  a  single 
antigen  but  comprises  three  separate  antigens,  a  common  surface 
antigen  termed  coli  surface  antigen  3  (CS3)  produced  on  virtually 
all  CFA/II  positive  strains  and  coll  surface  (CS)  1  and  2  which  are 
alternatively  produce!  on  CFA/II  positive  strains.  Best 
morphologic  eviden:.  indicates  that  CS  1  and  CS2  are  pilus  (or 
fimbrial)  structures  and  that  CS3  is  a  finer  (fibrillar) 
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structure.  Our  vaccine  strain  possessed  CS1  and  CS3  and  the 
vaocine  preparations  contained  predominately  the  CS3  component 
(95$).  To  quantify  antibody  responses  in  volunteers  to  the 
separate  CFA/II  components,  purified  CS1  and  CS3  antigens  were 
prepared  at  the  Center  for  Vaccine  Development.  Only  one  volunteer 
developed  antibody  rises  (in  serum)  to  CS3  (the  major  vaccine 
components)  and  no  volunteers  developed  antibody  rises  to  CS1.  In 
contrast,  half  of  the  volunteers  who  received  this  challenge  strain 
(E24377A)  bearing  both  CS1  and  CS3  developed  serum  antibodies  to 
both  CS1  and  CS3.  Orally  administered  CFA/II  vaccine  containing 
predominately  the  CS3  component  did  not  promote  a  3erum  antibody 
response  comparable  to  the  natural  infection  with  E.coll  bearing 
these  components . 

A  major  focus  of  the  department  has  been  the  elucidation  of 
the  mechanisms  whereby  a  naturally  occuring,  enteroadherent  015:K- 
:NM  E.coll  strain  induces  diarrheal  disease  in  rabbits  with 
specific  emphasis  on  defining  the  determinants  of  enteroadhernce 
both  on  the  bacterial  cell  and  the  intestinal  mucosa.  Over  the 
last  year,  this  rabbit  infection  with  E. coll  strain  RDEC-1  has 
emerged  as  a  model  highly  analalgous  to  naturally  occuring  human 
disease  caused  by  the  enteropathogenie  E.coll  (EPEC)  strains  or 
serogroups.  The  relevance  of  RDEC-1  infection  of  rabbits  as  a 
model  for  the  pathogenesis  of  EPEC  disease  in  human  infants  is 
suggested  by:  1)  close  morphological  similarity  of  the  adherence 
process  in  the  two  diseases  (close  adherence  with  pedastal 
formation  and  loss  of  microvillar  cytoskeletal  architecture  in 
areas  of  adherence)  and  2)  similar  age  of  susceptibility  (weaned 
Infants  in  both  instances).  In  investigating  the  determinants  of 
RDEC-1  adherence  to  rabbit  intestinal  epithelial  cell  apical  (brush 
border)  membranes,  we  have  developed  evidence  that  the  close 
enteroadherenoe  of  RDEC-1  to  rabbit  intestine  is  conferred  by  the 
expression  of  specific  adherence  pill  which  are  distinct  from  the 
Type  1  or  conn  on  pill  but  are  expressed  only  under  certain  growth 
conditions.  These  specific  adherence  pili  on  RDEC-1  have  been 
termed  AF/R1  since  they  are  t!:e  first  attachment  factor  described 
specifically  for  rabbit  intestine.  Three  lines  of  evidence  have 
been  developed.  First,  when  the  expression  of  pili  by  RDEC-1  is 
phenotypica 11 y  suppressed  by  growth  in  enriched  (Brain  Heart 
Infusion)  media,  the  organisms  lose  their  capacity  for  in  vitro 
adherence  to  isolated  rabbit  brush  borders.  In  contrast,  when 
grown  in  Penassay  broth,  RDEC-1  organisms  are  densely  piliated  and 
adhere  avidly  to  isolated  rabbit  brush  borders.  These  pili  are 
distinct  from  Type  I  pili  by  criteria  of  hemagglutination  and 
lmranoprecipitation.  Second,  the  property  of  in  vitro  adherence  to 
rabbit  brush  borders  can  be  genetically  transferred  along  with  the 
transfer  of  RDEC-1  pill  to  other  bacterial  species.  These 
properties  appear  to  be  transferred  along  with  a  plasmid  of 
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approximately  80,000  molecular  weight.  Third,  isolated 
preparations  of  RDEC-1  (AF/R1)  pili  adhere  directly  to  the 
intestinal  surface  of  the  rabbit,  but  not  of  the  rat,  guinea  pig  or 
human  ileum.  The  adherence  of  isolated  pili  AF/R1  to  frozen 
sections  of  rabbit  intestine  is  linear  along  the  mucosal  surface  as 
demonstrated  by  ianunofluorescence,  and  corresponds  to  the  pattern 
of  adherence  seen  with  the  intact,  piliated,  RDEC-1  organisms. 

Taken  together,  these  result  suggest  that  this  unique  type  of 
pilus,  (AF/R1)  expressed  under  certain  growth  conditions,  is 
responsible  for  the  species-specific  adherence  of  RDEC-1  organisms 
to  the  rabbit  intestine.  If  the  analogy  of  RDEC-1  enteroadherence 
to  EPEC  enteroadherence  is  correct,  EPEC  strains  may  also  elaborate 
specific  adherence  pili  under  appropriate  growth  conditions  in 
vivo.  This  suggests  an  area  for  further  investigations  of  EPEC 
strains . 

Work  on  the  elucidation  of  the  intestinal  mucosal  receptors 
for  RDEC-1  E. coll  has  progressed.  Previous  studies  showed  that 
receptors  for  the  adherent  pathogen,  RDEC,  on  rabbit  intestine  are 
first  detectable  at  the  onset  of  weaning.  In  adults, 
enteroadherence  is  mediated  by  specific  receptors  on  host  ileal 
brush  border  membranes  (BBMs).  In  vitro  experiments  showed  that 
BBMs  of  rabbits  younger  than  21  days  lack  RDEC-1  receptors, 
suggesting  that  infants  may  be  resistant  to  enteroadherence  and 
colonization  by  RDEC-1.  To  test  this  hypothesis,  we  fed  litters  of 
rabbits  aged  12  and  16  days  10^  RDEC-1  and  examined  them  on  the 
fifth  day  (aged  16  and  20  days)  for  mucosal  adherence  (light 
microscopy)  and  colonization  (CFU/gm)  in  jejunum,  ileum  and 
cecum.  A  nonadherent,  nonpathogenic  E.coll  (M0)  served  as 
control.  Adherence  was  examined  In  relation  to  epithelial  maturity 
and  the  presence/absence  of  goblet  cell  mucus.  Enteroadherence  was 
first  observed  in  20  day  rabbits  where  it  occured  uniformly  in  the 
cecum  (dense,  6/9;  patchy,  3/9)  but  only  rarely  in  the  ileum 
(sparse,  3/9),  where  RDEC-1  adhered  only  to  mature  appearing  ileal 
cells.  Adherence  correlated  with  depletion  of  segments,  although 
sparse  adherence  was  seen  in  one  16  day  cecum  and  two  16  day 
ilea.  Adherence  of  640  did  not  occur.  At  sacrifice  all  segments 
in  all  rabbits  were  colonized  and  no  differences  in  colonization 
were  observed  in  16  day  rabbits  between  RDEC-1  and  640.  In 
contrast,  in  20  day  rabbits,  ileum  and  cecum  were  more  heavily 
colonized  by  RDEC-1  than  by  640.  Thus,  consistent  with  in  vitro 
studies,  16  day  rabbit3  do  not  express  mucosal  receptors  for  RDEC- 
1.  20  day  rabbits  express  receptors  densely  in  the  cecum  and  have 

limited  receptors  on  mature  ileal  cells.  The  limited  colonization 
seen  in  16  day  infants  does  not  seem  to  depend  on 
enteroadherence.  In  20  day  infants,  the  presence  of  RDEC-1 
receptors  appears  to  favor  RDEC-1  colonization  of  cecum  and 
ileum.  Thus  weanling  infants  may  be  susceptible  to  enteric  E.coll 
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infections  not  only  because  of  withdrawal  of  maternal  immune 
protection,  but  also  because  of  the  development  of  specific  mucosal 
receptors  for  enteropathogens . 

In  vitro  adherence  of  the  rabbit  enteropathogenic  E.coli 
strain  RDEC-1  to  rabbit  intestinal  brush  borders  is  mediated  by  a 
specific  pilus  attachment  factor  (AF/R1);  but  evidence  that  AF/R1 
is  expressed  during  in  vivo  infection  is  lacking.  A  specific  anti- 
AF/R 1  response  during  infection  with  RDEC-1  would  indicate  that 
AF/R 1  was  present  and  ianunogenic.  We  therefore  prepared  rabbits 
with  isolated  Thiry-Vella  (T-V)  intestinal  loops;  inoculated  them 
per  os  with  RDEC-1  in  feces.  Special  care  was  taken! to  keep  the  T- 
V  loops  free  of  RDEC-1  infection.  All  animals  had  increases  in 
specific  anti-AF/RI  IgA  secretion  by  two  weeks  which! peaked  in  HO 
days.  These  responses  paralleled  the  IgA  response  to  LPS,  but  the 
anti- AF/R 1  assay  was  not  inhibited  by  LPS.  These  results  indicate 
that  AF/R 1  pill,  which  are  expressed  in  the  course  of  RDEC-1 
infection,  are  ianunogenic  and  elicit  a  specific  local  secretory 
IgA  response  in  the  intestine. 

| 

As  outlined  aJove  enteric  infection  with  RDEC-1  ^E.coli  depends 
on  colonization  mediated  by  the  interaction  of  bacterial  adherence 
factors  (AF/R 1  pill)  with  host  mucosal  receptors.  Infection  might 
be  preventable  by  interfering  with  the  AF/R1  pilus/receptor 
interaction  by  inducing  an  active  local  immune  response  to  AF/R 1 
antigen.  In  vitro,  specific  anti  RDEC-1  IgA  blocks  adherence  of 
organisms  to  gut  membranes.  In  vivo,  passive  adminstration  of 
antibody  via  the  colostrum  prevents  neonatal  E.coli  infection  of 
pigs.  To  determine  whether  active  oral  immunization  with 
colonization  factor  antigens  can  protect  against  infection,  we 
orally  immmlzed  adult  rabbits  with  pilus  adhesins,  challenged  them 
with  an  infectious  dose  of  the  adherent  rabbit  enteropathogen  RDEC- 
1,  and  determined  the  degree  of  colonization  of  intestinal 
segments.  AF/R  1  pili  were  prepared  from  RDEC-1.  2  kg  rabbits  were 
orgastrically  immunized  with  5,  lmg  doses  of  pili  at  ^  day 
intervals  and  challenged  with  10  viable  Nalidixic  acid  (Nal) 
resistant  RDEC-1  organisms  in  bicarbonate  1  day  prior  to  the  last 
pilus  dose.  Rabbits  were  sacrificed  at  5  days  and  RDEC-1  counts/gm 
determined  from  dilutions  cf  jejunal,  ileal  and  cecal  homogenates 
after  overnight  growth  on  MacCcnkey  agar  containing  Nal.  RDEC-1 
challenge  is  known  to  cause  diarrheal  disease  in  70-80J  of  animals 
in  7-10  days  with  heavy  cecal,  lesser  ileal,  and  least  jejunal 
colonization.  5  days  following  challenge,  colony  counts  in  control 
animals  (Nr7)  expressed  as  log  (♦/-SEM)  of  the  geometric  mean 
counts  were:  jejunum  3.9  (+/-0.9),  ileum  *i.8  (+/-1.1),  cecum  5.8 
(+/-1.1).  Counts  in  animals  who  received  pili  (N=5)  were:  Jejunum 
2.2  (♦/-  1.0)(p  .05),  ileum  2.1  (+/-1.0),  (p  .05),  t.ecum  2.3  (+/- 

1 . 0 ) ( p  .05).  p  values  by  Wilcoxon  rank  sum  and  one-tailed  t-tests 
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Indicate  decreased  geometric  mean  courts  in  the  inoculated 
animals.  In  suanary,  oral  inoculation  with  AF/R1  pill  from  RDEC-1 
limited  colonization  in  the  ceca  of  animals  challenged  ivth  an 
infectious  dose  of  RDEC-1.  These  results  suggest  that  oral 
immmization  with  adherence  factors  nay  prevent  enteric  disease  by 
limiting  intestinal  colonization. 

Although  many  tissue  and  host  specific,  non-mannose  sensitive 
(NMS)  adhesins  have  been  described  for  enteroadherent  E.coli,  the 
role  of  Type-1,  mannose  sensitive  (MS)  pill  in  intestinal  adherence 
is  uncertain.  We  tested  the  ability  of  several  E. coll  strains, 
grown  to  promote  Type  1  (MS)  or  NMS  pilus  expression,  to  interact 
in  vitro  with  intestinal  brush  border  membranes  (B8H).  E. coll 
strains  tested  were  RDEC-1  (rabbit  enteropathogen ) ,  640  (rabbit 
fecal  conmensal),  HS  (human  fetal  commensal),  H10407  (human 
enteropathogen)  and  B,„  (Type  1  prototype).  Type  1  pilus 
expression  was  demonstrated  by  MS  guinea  pig  hemagglutination, 
colonial  morphology  on  minimal  medium  and  agglutination  with  anti- 
Type  1  antisera.  Bacterial  adherence  to  BEM  was  shown  by 
aggregometry  and  by  phase  microsoopy.  Type  1  pili  on  RDEC-1 
mediated  MS  adherence  to  rabbit,  rat  and  guinea  pig  BBM.  In 
contrast,  AF/R1  pili  on  RDEC-1  mediated  species-specific  (rabbit, 
not  rat  or  guinea  pig)  NMS  adherence  to  BBM.  Expression  of  Type  1 
pili  on  other  E.coli  strains  tested  did  not  mediate  BBM 
adherence.  These  results  indicate  that  Type  1  pili  are  a 
functionally  heterogeneous  group  which,  in  some  intestinal  E.coli, 
might  contribute  to  in  vivo  enteroadherence. 

il.  Role  of  Host  Iasnune  Mechanisms 


The  isolated  rabbit  Ileal  lamina  propria  mononuclear  cells 
contain  uncommitted  lymphocytes,  T  lymphocytes  and  monocytes  as 
reported  in  the  1981  and  1?82  Annual  Progress  Reports.  Further 
characterization  of  this  mononuclear  cell  population  has  been 
carried  out  and  reveals  the  cells  to  be  50-805  viable  by  trypan 
blue  dye  exclusion;  455  monocytes,  macrophages,  or  epithelial  cells 
by  positive  non-specific  esterase  stain"  555  lymphocyte  by  negative 
non-specific  esterase  stain  205  epithelial  cells  and  805 
mononuclear  cells  by  Wright-Gieasa  stain;  less  than  25  B 
lymphocytes  by  isnunofluores cent  stain  for  surface  immunoglobulin; 
and  205  T  lymphocytes  by  indirect  immuno fluorescent  stain  using 
9AE10  monoclonal  antibody  specific  for  rabbit  T  lymphocytes.  These 
results  clearly  indicate  that  355  of  the  lymphocytes  are  neither  T 
lymphocytes  nor  B  lymphocytes.  Since  these  non-T  non-B  lymphocytes 
comprise  the  largest  percentage  of  the  lymphocyte  population  at  the 
level  of  the  lamina  propria,  their  properties  and  function 
(possible  T  lymphocyte  precursors)  such  as  capability  of  being 
sensitized  for  effector  function  and/or  regulatory  function  remain 


to  be  determined.  The  study  o r  both  T  lymphocytes  and  the  non-T 
non-B  lymphocytes  will  te  greatly  enhanced  by  using  the 
fluorescence  activated  cell  sorter  (FACS)  in  collaboration  with  T. 
Jerrell,  Dept,  of  Rickettsiology.  Fixed  T  lymphocytes  with 
indirect  immunofluorescent  stain  using  the  specific  monoclonal 
antibody  arc  currently  being  separate  using  the  FACS.  The 
separated  cells  are  being  studied  with  toe  electron  microscope  to 
determine  the  morphology  and  if  the  unusually  3mall  mononuclear 
cells  25-50  u-*  seen  by  electron  aicrorcopy  and  cell  sizing  ?~e 
either  the  T  lymphocytes  or  the  non-T  nonB  lymphocytes  or  both. 
Separation  of  viable  T  lymphocytes  is  expected  by  this  approach 
which  will  greatly  enhance  the  in  vitro  immunization  and  challenge 
experiments  testing  synthetic  peptide  antigens  leading  towards  the 
development  of  more  effective  synthetic  peptide  vaccines  against 
enteric  pathogens. 

The  synthetic  peptide  (GLY-ASN-THR-ILE-VAL-ALA-VAL-GLU)  is  the 
antigenic  site  on  a  13AA  peptide  found  to  be  iamunogenic  for  rabbit 
ileal  lamina  propria  lymphocytes  In  vitro.  Preliminary  results 
have  indicated  that  the  1 3 AA  peptide  inmunogenicity  is  quite  dose 
dependent  and  that  at  different  doses  it  can  also  function  as  a 
toleragan  These  results  indicate  that  this  in  vitro  system  with 
the  addition  of  T  lymphocyte  separation  and  subsequent  T 
lymphocy te/monocy te  ratio  adjustment  might  provide  insight  into 
dose  requirements  and  mechanisms  of  immunization  and  tolerance 
induction  of  the  iiasune  system  at  the  level  of  the  intestinal 
lamina  propria  is  possible. 

Conformational  restriction  of  the  synthetic  octapeptide  in 
physiological  solution  has  been  found  by  on-going  600  MHz  high 
resolution  protein  NMF  study  in  collaboration  with  Axel  Bothner-By 
at  Carniege-Mallon  University  as  reported  in  the  1981  and  1982 
Annual  Progress  Reports.  Ambiguity  regarding  the  proton  spectral 
assignments  of  VAL_  vs  VAL_  still  remained.  In  further  experiments, 
changing  the  phosphate  buffered  saline  pH  from  7.4  to  3.0 
protonated  the  C-terminai  GLU  carboxyl  group.  Due  to  the  greater 
proximity  of  VAL^  to  GLU,  a  greater  chemical  shift  is  expected  for 
the  VALj  alpha  hydrogen  doublet  then  for  the  VAL^  in  the  NMR 
spectrum.  The  experimental  results  are  seen  below: 
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corresponds  to  VAL?  and  VAL^  corresponds  to  VAL,..  Also  noted  were 
no  changes  in  the  hotameric  side  chain  population  at  pH  3.0.  This 
is  important  since  the  NH  amide  proton  spectrum  requires  pH  3.0  to 
be  seen.  Further  experiments  are  on-going  to  complete  the  NH  amide 
proton  spectral  assignments. 

The  complete  synthesis  of  the  octapeptide  GLY-ASN-THR-ILE-VAL- 
ALA-VAL-GLU  has  been  accomplished  by  solid-phase  synthesis  as 
reported  in  the  1 902  Annual  Progress  Report.  Monitoring  the  solid- 
phase  peptide  synthesis  deprotection  and  amino  acid  coupling 
efficiency  has  been  significantly  improved  by  developing  a  new 
rapid  mic"oanalytical  chloride  determination.  Pyridine 
hydrochloride  added  to  peptide  containing  resin  suspended  in  CH^Clj 
form  a  reversible  hydrochloride  salt  of  any  free  N-terminal  amino 
groups.  An  automated  peptide  synthesizer  carried  out  the  amino-HCl 
formation  and  removes  the  excess  pyridine  hydrochloride. 
Modifications  developed  for  rapid  monitoring  include  1)  an 
alternate  preparation  of  pyridine  hydrochloride,  2)  use  of  a 
chloridometer  which  measures  0.C1  to  10.0  umole  Cl,  3)  weighing  2- 
3  rag  of  dried  resin  with  peptide  attached  (0.5  mmole  amino  acid 
substitution/g  resin)  to  indicate  when  greater  than  99.8? 
deproteotion  or  coupling  has  occurred,  and  '4)  a  single  tube 
preparation  of  the  resin  for  chloride  measurement. 

In  collaboration  with  J.  Baker  currently  in  the  Clinical 
Investigation  Service,  WFAMC,  a  sensitive  assay  for  detection  of 
antibodies  against  the  octapeptide  has  been  developed  using  enzyme- 
linked  technology  (ELISA).  This  assay  is  sensitive  to  a  dilution 
of  10°  using  a  monoclonal  antibody  developed  with  K.  Esser,  Dept  of 
Immunology.  This  assay  clearly  demonstrated  the  monoclonal 
antibody  to  b«  IgM  isotype  since  blocking  inhibition  studies  would 
be  precluded  with  this  isotype  antibody  further  collaborative 
studies  were  carried  out  with  H.  Kaprovski,  W is tar  Institute. 
Several  IgG  isotype  monoclonal  antibodies  were  found  which  should 
be  ideal  for  blocking  inhibition  studies  using  analogs  of  the 
octapeptide. 

To  ultimately  enhance  the  intestinal  secretory  immune 
response,  a  rabbit  model  has  been  developed.  Human  breast  milk 
supernatant  !ws  been  reported  to  induce  isotype  specific  B- 
lymphocytc  activation  of  human  peripheral  blood  lymphocytes.  A 
simillar  substance  in  the  rabbit  and  what  effect  it  may  have  upon 
the  gut-associated  lymphocytes  was  determined.  Lymphoid  cells  from 
Payer’s  patch,  mesenteric  lymph  node,  laminia  propria,  spleen,  and 
ps-<pheral  blood  were  exposed  to  7  day  supernatants  of  rabbit  milk 
cells.  After  3  days  of  culture,  supernatants  were  tested  for  total 
IgA,  IgG,  and  IgM  using  a  newly  developed  ELISA  assay.  No 
Immunoglobulin  responses  were  noted  from  the  laminia  propria  or 
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mesenteric  lymph  node.  Positive  lymphocyte  responses  to  the  millc 
cell  supernatants  were  seen  In  5/6  raboits  giving  elevated  IgA  in 
Peyer's  patch  and  spleen;  in  3/5  rabbits  giving  elevated  IgA  in 
peripheral  blood  lymphocytes;  in  5/6  rabbits  giving  elevated  IgG  in 

peripheral  blood  lymphocytes;  in  »/6  rabbits  giving  elevated  IgG  in 

Peyer's  patch  and  in  3/6  rabbits  giving  elevated  IgG  in  spleen. 
Autologous  and  isologous  mi  I  Vc  cell  supernatants  gave  greater  than 
one  log  fold  IgG  lymphocyte  responses  ir.  Peyer's  patch,  and 
peripheral  blood  lymphocytes  and  greater  than  one  log  fold  IgA 
responses  in  the  spleen,  Peyer’s  patch,  and  peripheral  blood 
lymphocytes.  Rabbit  milk  cells  In  culture  spontaneously  release  a 
substance  into  the  media  which  functions  as  a  polyclonal  S-ee 11 
activator  upon  rabbit  Peyer's  patch,  spleen  and  peripheral  blood 
lymphocytes.  This  activation  :a  probably  not  an  allogenic  effect 
since  autologous  substance  is  as  effective  as  isologous.  These 

results  indicate  the  possibility  of  purifying  this  substance  and 

its  use  both  in  in  vitrr  and  in  vivo  experiments  leading  towards 
enhancement  of  secretory  Immune  responses  in  the  intestine. 

i i i .  Alterations  of  Intestinal  Transport 


D-gl  loose  uptake  rate  was  studied  in  mucosal  brush  border 
membrane  vesicles  prepare.'  f rom  normal  and  cholera  toxin-treated 
rat  snail  Intestine.  The  initial  rate  of  O-glucose  uptake,  as 
measured  by  exposing  the  vesicles  *o  the  bathing  solution  for  only 
3  sec.,  was  significantly  higher  in  the  vesicles  pretreated  with 
cholera  toxin  than  in  the  untreated  vesicles.  The  initial  uptake 
rate  was  significantly  decreased  when  chloride  in  the  bathing 
solution  is  replaced  by  • i ♦  her  isothi onate  or  sulfate.  These 
results  are  consistent  w!  *  h  those  obtained  from  'Jssing  Chamber- 
vc  1  tage  -'lamp  e  xp«>r  im-nts  . 

The  ef^ee*  of  external  magnesium  concontrai i on  on  sodium  and 
chloride  t- ana  port,  across  rat  small  intestine  was  studied  in  the 
ilsslng  'hamber  mder  short-circuit  conditions.  The  normal 
magnesi  jm  co".r«ntratl  on  ir.  the  Ringers  solution  is  1.2  mM.  When 
magnesl  in  was  ■'ompl  ete  iy  r«*mcv»i  '  *  on  the  bathing  solution  on  both 
si  les  of  t re  tissue.  *  be  snort -ei rcuit  current,  potential 
difference  and  sodium  absorption  .ere  increased.  When  magnesium 
was  removed  separately  from  “ither  aucosal  or  serosal  side,  mucosal 
magnenl  jib  removal  produced  "he  same  changes  as  those  of  removing 
magnesium  from  both  si  les  and  serosal  magnesium  removal  had  no 
effect  on  the  short-circuit  current  and  net  sodium  and  chloride 
flux  but  some  change  in  potential  difference  and  conductance  When 
magnesium  concentration  was  increased  from  '■ .  ?  to  6.0  mM  on  both 
sides,  the  short-circuit,  current  was  decreased  but  the  net  sodium 
absorption  wan  again  increased,  Either  .an  increase  in  serosal  or 
mucosal  magnesium  to  6.0  mM  resulted  in  increase  in  net  sodium 
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absorption,  but  or.ly  6.0  mM  magnesium  in  serosal  solution  decreased 
the  short-circuit  current.:  The  mechanist  of  the  changes  in  ion 
transport  produced  by  varying  magnesium,  concentration  is  still 
unclear.  We  will  continue  to  study  effects  of  magnesium  on  sodium 
transport  across  brush  border  and/or  basolateral  membranes  in 
vesicle  preparations.  i 

! 

Avascular  segments  of  f“tal  rat  small  intestine  transplanted 
to  the  subcutaneous  tissues  of  syngeneic  rats  will  become 
vascularized  and  develop  certain  properties  of  normal  rat 
intestine.  Conceivably,  perfusion  of  thse  "neogut"  segments  with 
nutrients,  or  their  anastamosls  to  native  intestine  may  offer  the 
potential  for  enteral  nutrition  lr  the  subject  with  short  gut 
syndrome.  To  fur*  her  characterize  thi.,  tissue,  neogut  was  grown 
from  segments  of  fetal  small  Intestine  transplanted  to  the 
subcutaneous  tissues  of  host  adult  Sprague-Dawley  rats. 
Approximately  1Q1  of  the  intestines  developed  adequately  for 
study.  We  examined  the  elertrophysiologic  parameters  of  short 
circuit  current  (Isc),  potential  difference  (PD),  and  tissue 
conductance  (0)  of  full  thickness  pieces  of  neogut  (n  =  8)  and 
compared  them  with  adult  rat  ileum  (n=15)  mounted  in  Usslng 
chambers.  Transport  of  d« glucose  (uM/cm2*hr)  from  mucosal  to 
serosal  surface  and  the  reverse  was  assessed  by  measuring  flux  (J) 
of  C’  -glucose  ac"Oss  the1 tissue  in  the  chamber  (neogut  n=4,  Ileum 
n=8).  Anatomy  was  studied  with  light  microscopy,  scanning  and 
transmission  electron  microscopy  (KM).  Electrophysiologic  and  flux 
data  expressed  as  mean  ♦  standard  error  of  mean: 


Glu 

PD  fmv)  Isc  (  )eq/cm  ’hr)  G  (smho/cra^)  J  M  S 

NETQJT  ".'9  t'.P  '.7T~  771  .85  ±  .54 

ILEUM  3.1  *  .3  3.2  *  29  *  2  .76  *  .17 


Glu 
J  S  H 
.07  *  0.1 
.25  *  .06 


Light  microscopy  demonstrated  neogut  to  be  similar  to  normal 
Ileum  having  a  mucosa  composed  of  mixed  epithelial  cell  types; 
submucosa  ard  a  b! layer  muscular  is  were  intact.  However,  scanning 
EM  showed  the  neogut  flp'.'VlI'in  has  a  cobblestone  texture  with 
flattened  villi  relative  to  normal  ileum.  Transmission  EM 
demons* rated  neogut  columnar  epithelial  cells  to  have  prominent 
basal  nuclei  ar.  1  abundant  rough  endec!  asm!  c  reticulum  and 
mitochondria  in  ‘he  api cal  eytoplasm  similar  to  the  absorptive 
epithelial  cells  of  normal  il-urn.  Tight  junctions  between  adjacent 
cells  and  short,  ever,  microvilli  were  present.  These  data  show 
that  neogut  has  structural  and  physiological  characteristics 
similar  to  normal  1  destine.  a* f i nement  of  techniques  to  maximize 
there  properties  f ..rr,  k* p<*  tr.at  this  tissue  may  provide  a 
nutriticna  11  y  .3n'.  !  v’brory  gut. 
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The  level  of  total  rat  small  Intestine  brush  border  protein 
phosphorylation  is  decreased  bv  the  addition  of  trifluoperazine 
(100  uM)  in  the  presence  of  Ca2*  (ImM).  Addition  of  exogenous 
calmodulin  (1  uM)  significantly  increased  the  total  phosphorylation 
of  intestinal  brush  borders  and  this  increase  was  eliminated  in  the 
presence  of  trifluoperazine.  Specific  brush  border  protein 
phosphorylation  in  the  presence  of  trifluoperazine,  demonstrated  a 
decreased  incorporation  of  into  a  single  brush  border  protein 
(98,000  m.w.).  The  specific  phosphorylation  of  this  same  protein 
was  increased  by  the  addition  of  exogenous  calmodulin.  The 
addition  of  cGMP  (5  uM)  did  not  affect  phosphorylation  of  the 
trifluoperazine  sensitive  protein,  (96,000  m.w.)  but  did  increase 
the  phosphorylation  of  another  brush  border  protein  (66,000 
m.w.).  Trifluoperazine  did  not  affect  the  cGMP-induced  increase  in 
the  phosphorylation  of  the  lower  molecular  weight  protein. 

Purified  microvillus  membrane  proteins  did  not  contain  the  98,000 
molecular  vwight  protein  which  was  present  in  brush  borders  and 
whose  phosphorylation  was  inhibited  by  trifluoperazine. 

Techniques  are  currently  available  to  assess  intestinal 
transport,  in  humans  quantitatively.  A  triple  human  intestinal 
perfusion  system  has  been  developed  and  successfully  used  in  eight 
volunteers.  Results  obtained  from  perfusion  of  standard  solutions 
agree  with  values  reported  by  other  laboratories. 

Intestinal  transport  may  be  effected  by  systemic  factors  such 
as  intravascular  volume  depletion.  As  volume-depletion  is  a 
frequent  concommitant  of  diarrheal  illness,  honnornal  factors  may 
ameliorate  viral  or  barter ial-med iated  intestinal  secretion. 
Preliminary  results  document  increased  absorption  of  water,  sodium, 
and  chloride  under  conditions  of  short-term  salt  depletion  in 
normal  volunteers. 

As  preliminary  results  suggest  effective  sodium  and  water 
conservation  by  the  ileum  in  sodium  deprived  normal  human 
volunteers,  the  effect  of  salt  deprivation  on  oholera-toxin- 
mediated  intestinal  secretion  will  be  assessed  using  the  rat  in 
vivo  perfused  Intestinal  loop  model. 

lv.  Alterations  in  Intestinal  Motility 

Vfe  have  previously  shown  (Annual  Progress  Report  1982)  that  in 
rabbit  ileal  loops  bacterial  enterotoxins  produce  a  diarrheogenic 
motility  pattern,  the  migrating  action  potential  complex  (MAPC)  arid 
that  this  motility  pattern  is  responsible  for  peristaltic  movement 
of  luminal  contents.  This  abnormal  motility  pattern  may  contribute 
to  the  diarrhea  and  abdominal  cramps  of  enteric  infection,  (ie  also 
showed  that  HAPC’s  were  evoked  by  binding  of  a  specific  mucosal 
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receptor  by  the  B  subunit  of  cholera  toxin  and  raised  the 
possibility  that  potential  B  subunit  vaccines  might  have  untoward 
effects  on  intestinal  motility. 

In  investigating  the  MAPC  further,  we  have  currently  shown 
that  in  addition  to  enterotoxins,  certain  lectins,  mucosal  damage 
and  luminal  distension  may  evoke  this  response.  The  lectins  ricin 
and  wheat  germ  agglutinin  (WGA)  induce  MAPC* a  in  rabbit  ileal 
loops,  raising  the  possibility  that  certain  ingested  foods  may 
cause  abnormal  motility  patterns.  These  lectins  bind  different 
mucosal  receptors  than  does  cholera  toxin  (CT).  Unlike  CT  and  WGA, 
ricin  also  produces  mucosal  damage  and  inflammation,  and  induces  a 
second  abnormal  motility  pattern,  repetitive  bursts  of  action 
potentials  (RBAP).  MAPC's  and  RBAP's  were  produced  in  the  absence 
of  in flams  at ion  and  lectins  when  mucosal  damage  was  induced  by 
intraluminal  instillation  of  hypertonic  scdiura  sulfate.  M/PC's 
were  also  induced  by  stretch  of  the  intestinal  wall  by  luminal 
fluid  distension.  Stretch  receptors,  presumably  located  in  the 
submucosa,  stimulate  different  afferent  neurons  than  the  mucosal 
enterotoxln  receptors.  Quantitatively,  luminal  distension  was  the 
strongest  stimulus  and  enterotoxln  the  weakest  stimulus  for  MAPC 
generation.  When  the  effects  of  CT  and  luminal  distension  were 
combined,  the  resulting  MAPC  frequency  was  greater  than  CT  alone 
and  similar  to  luminal  distension  alone.  We  therefore  suggest  the 
MAPC  is  a  peristaltic  intestinal  response  to  a  variety  of  sensory 
stimuli  that  occur  in  the  setting  of  enteric  infection: 
enterotoxins ,  dietary  lectins,  mucosal  damage  and  luminal 
distension.  Although  the  pathways  for  these  responses  are  unknown, 
we  suggest  that  they  may  represent  multiple  sensory  afferents 
converging  on  a  few  intramural  interneurous  or/and  ganglion  cells 
that  utilize  a  single  efferent  motor  pathway.  Therapeutic 
modulation  of  Intestinal  motility  by  selective  pharmacologic 
intervention  of  afferent  pathways  or  by  non-selecti ve  intervention 
of  efferent  pathways  awaits  more  specific  definition  of  the 
receptors  and  pathways  involved. 

Initial  attempts  to  define  intrinsic  pathways  utilizing  an  in 
vitro  system  for  suspension  of  extrinsi ca 1 1 y  denervated  loops  of 
bowel  in  an  oxygenated,  nut-ient  bath  (described  in  the  Annual 
Progress  Report  1982)  have  continued  to  present  problems  in 
maintenance  of  tissue  viability.  Therefore,  a  different  model 
employing  transplantation  of  extrinsi eally  denervated  and 
deva sou lari  zed  fetal  rat  Intestine  to  back  and  abdominal 
subcutaneous  tissue  of  host  syngeneic  rats  has  been  developed  in 
collaboration  with  CPT.  B.L.  Bass  and  LTC,  J.W.  Harmon,  Division  of 
Surgery,  WRAIR.  The  transplanted  Intestine  has  been  shown  to 
become  vascularized ,  to  grow  to  adult  proportions  and  to  exhibit 
what  visually  appears  to  be  peristalsis.  The  anatomic  and 
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transport  characterise  es  of  this  transplanted  tissue  are  similar 
to  normal  ileum.  El ec trophy  si ologic  studies  of  the  smooth  muscle 
in  the  transplanted  intestine  show  that  It  spontaneously  generates 
both  slowly  fluctuating  membrane  potentials  (slew  waves)  and  action 
potentials  (spikes).  Some  of  the  action  potentials  conform  to 
MAPC’s  providing  electrical  confirmation  that  the  muscle  is  capable 
of  contraction  and  peristalsis. 

Little  additional  work  has  been  done  on  simultaneous 
measurements  of  fluid  transport  and  myoelectric  activity  utilizing 
in  vivo  perfusion  of  intestinal  loops  with  C1  PEG.  Delay  in  this 
important  work  resulted  from  our  previously  mentioned  observation 
that  luminal  distension  is  a  strong  stimulus  for  spike  activity. 
Careful  moritoring  of  degree  of  distension  induced  by  the  perfusion 
will  be  required. 

Continued  development  of  a  model  for  recording  chronic 
intestinal  myoelectric  activity  from  unanesthesized  rabbits  as 
being  more  physiologic  than  the  acute  in  vivo  ileal  loop  model 
(Annual  Report  1^82)  has  resulted  in  improvements  in  surgical 
technique,  electrode  design  and  placement  resulting  in  significant 
improvement  in  the  quality  of  electrical  signals.  However  repeated 
restraint  of  rabbits  for  serial  recordings  resulted  In  airway 
trauma  and  respiratory  embarassment .  Therefore,  studies  were 
halted  and  an  electrical  swivett  assembly  developed  to  allow 
recording  from  unrestrained  rabbits.  This  swivett  assembly  is 
presently  undergoing  testing.  In  addition,  extension  of  the 
chronic  rabbit  model  to  incorporate  a  surgically  created  jejuneal 
blind  loop  has  significantly  enhanced  the  pathogenicity  of  RDEC 
infection.  We  suspect  that  the  mechanism  may  be  altered  motility 
allowing  enhanced  bacterial  growth  and  mucosal  adherence. 

A  non-human  primate  model  for  recording  chronic  intestinal 
myoelectric  activity  from  unanesthesized,  chair  adapted  monkeys  has 
been  developed.  Our  initial  work  has  been  in  validation  of  the 
model  by  comparing  fasted  and  fed  changes  of  a  normal  motility 
pattern,  the  migrating  myoelectric  complex  (MMC),  as  monitored  by 
computer  analysis  of  spike  burst  activity.  Differences  in  these 
patterns  have  been  shown  to  be  partially  mediated  by  alterations  in 
blood  glucose  concentrations. 

Computer  programs  that  allow  separate  analysis  of  slow  wave 
frequency  and  spike  activity  (MAPC,  MMC  and  unpatterned  spike 
activity)  have  been  validated  and  reported.  A3  a  result  of  this 
enhanced  capability,  a  new  motility  pattern,  the  stationary  action 
potential  complex  (SAPC),  has  been  recognized  and  reported. 
Additional  development  of  computer  analysis  techniques  has  been 
recognized  and  new  hardware  is  in  the  process  of  acquisition. 
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FUTURE  PLANS  AND  RECOMMENDATIONS 


i.  Role  of  Mucosal  Adherence  In  Bacterial  Colonization 

Studies  of  the  use  of  purified  E.coli  adherence  antigens  as 
mucosal  insnunogens  to  protect  aganist  er.tsric  infection  with 
adherent  enteropathogenic  organisms  will  continue  both  in  animals 
and  ir  human  studies.  The  decrease  in  colonization  of  intestinal 
segments  of  rabbits  with  the  pathogen  RDEC-1  following  oral 
inoculation  with  AF/R1  pill  is  encouraging.  These  results  may  have 
been  the  result  either  or  stimulation  of  a  local  antibody  response 
or  the  blocking  of  the  mucosal  receptor  sites  by  binding  of  the 
purified  attachment  factors  to  the  intestine.  Experiments  will  be 
continued  to  differentiate  between  these  effects  in  the  rabbit 
model  and  to  determine  the  optimal  timing,  dose,  and  route  of 
adminstration  of  pllus  antigen  to  induce  a  local  secretory 
response.  This  approach  will  be  expedited  by  the  use  of  the  Thlry- 
Vella  loop  model.  Results  obtained  in  the  past  year  Indicating 
that  antibody  secretion  in  the  intestine  is  represented  by  antibody 
secretion  in  the  isolated  loop  will  be  utilized  to  study  sequential 
local  antibody  responses  following  various  Immunization  regimens. 

Additional  studies  with  CFA/II  (CS3/CS1)  will  be  undertaken  to 
differentiate  whether  the  poor  Immunogenicity  observed  with  the 
oral  preparation  was  the  result  of  failure  of  the  delivery  of  the 
antigen  to  the  mucosal  immune  system  (ie  the  Peyer's  patch 
epithelium).  Several  plausible  reasons  for  failure  of  delivery  of 
the  orally  administered  antigens  exist.  The  antigens  may  have  been 
altered  by  gastric  acidity  or  more  likely  by  pancreatic  proteases 
despite  attempts  to  protect  with  antacid  and  cimetidine. 
Alternatively,  the  antigen  may  have  been  taken  up  by  the  absorptive 
epithelial  cells  for  which  it  has  a  demonstrated  affinity  and 
thereby  effectively  prevented  from  reaching  the  mucosal  immune 
systems.  Alternatively  the  antigen  may  have  been  adversely 
effected  by  the  method  used  for  sterilization  of  the  oral 
preparation  le  gansna  radiation.  Additional  experiments  will  be 
performed  to  measure  local  iamune  response  following  direct 
administration  of  the  antigen  preparation  into  the  small  intestine 
via  small  intestinal  tube.  Antigens  will  be  prepared  following 
alternate  methods  of  sterilization  in  particular  by  low  dose 
formalin  to  determine  whether  gamma  radiation  and  the  deleterious 
effect  on  the  antiger.  Ultimately  encapsulated  methods  of  antigen 
delivery  may  have  to  be  utilized  to  delivery  an  orally  administered 
protein  antigen  to  the  mucosal  immune  system.  In  vitro  studies 
will  also  be  undertaken  to  determine  the  influence  of  acid 
environment  strongly  basic  environment  and  proteases  on  the 
anti  genic ity  of  the  antigen  preparations  as  measured  ELISA  system. 
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The  rabbit  model  of  RDEC- 1  will  be  used  to  explore  these 
possibilities  since  it  provides  a  model  for  pilus  (fimbria) 
mediated  enteroadherence.  Studies  in  the  present  year  confirmed 
the  expression  of  AF/R1  pili  in  RDEC-1  infection  in  vivo  since 
antibody  to  AF/R1  developed  in  the  course  of  infection  and  oral 
administration  of  AF/R1  decreased  RDEC-1  colonization.  Studies 
will  be  undertaken  in  the  rabbit  Thiry-Vella  loop  model  to 
determine  whether  pili  with  high  affinity  for  the  rabbit  intestinal 
mucosal  oells  ie  AF/R1  have  greater  or  less  imaunogenicity  than 
those  with  low  affinity  for  the  rabbit  mucosal  cells  ie  CFA/I1  in 
which  significant  local  immunogenicity  has  been  demonstrated  in  the 
rabbit.  These  studies  will  directly  explore  the  hypothesis  that 
binding  of  an  adherence  antigen  to  the  mucosal  cells  inhibits 
antigen  exposure  to  the  mucosal  inaune  system. 

Recent  demonstration  that  type  1  pili  on  RDEC-1  confer  in 
vitro  mucosal  adhesiveness  to  enterocyte  membranes  have  reopened 
the  question  of  the  role  of  type  1  pili  in  intestinal  colonization 
and  the  possible  role  of  type  1  pilus  as  a  protective  Immunogen  for 
a  broad  range  of  enteric  E.coll  infections.  The  antigenic  and 
functional  heterogeneity  of  pili  classified  as  type  1  is  currently 
being  investigated.  It  may  be  possible  to  provide  protection  if 
attention  is  paid  to  the  cosmon  antigenic  determinants  of  type  1 
pili  rather  than  to  their  variable  regions. 

Monoclonal  antibody  to  AF/R1  pili  is  being  developed  in 
collaboration  with  the  Dept,  of  Bacterial  Diseases.  These 
antibodies  will  have  multiple  applications  including  purification 
of  AP/fll  components  for  large  scale  preparation  of  pilus  antigens, 
examination  of  pilus  binding  and  antigenic  sites,  evaluation  of  the 
relation  of  AF/R1  pilus  to  other  adherence  antigens,  localization 
of  AF/R1  pilus  by  inmuncfluorescenee  during  In  vivo  infection,  and 
quantitation  of  pilus  expression  on  E.coll  using  inhibition  of 
CLISA.  This  last  application  will  have  particular  value  in 
investigating  the  optimal  growth  conditions  for  production  of 
E. coll  pilus  antigens. 

ii .  Role  of  Host  Immune  Mechanisms 

The  synthetic  peptide  (GLY-ASN-THR-ILE-VAL-ALA-VAL-GLU)  is  an 
antigenic  site  for  rabbit  ileal  lamina  propria  T-lymphocytes  and 
contains  a  smaller  antigenic  site  for  antibody  binding.  The  larger 
peptide  antigenic  site  for  the  T-lymphocyte  suggests  that 
conformation  of  the  antigenic  site  may  be  more  important  for  the  T- 
lymphocyte  antigen  receptor  then  for  antibody  binding.  Since  the 
conformation  of  the  octapeptide  is  now  known,  the  development  of 
two  analog  series  may  be  possible  with  the  use  of  the  already 
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established  computer  assisted  molecular  •codeling  utilizing  energy 
minimization  strategies.  Ona  series  v.’ld  have  basically  very 
similiar  over-all  conformations  but  maximally  different  primary 
structures  and  the  other  series  would  have  very  dissimilar 
conformations  with  minimal  changes  in  primary  structure.  These 
analogs  would  then  be  synthesized  using  the  already  established 
peptide  synthesis  capability.  The  peptides  conformations  would 
actually  be  determined  using  the  600  or  750  MH_  high  resolution 
proton  NMR  facility  at  Carniege-Mellon  University.  The  analog 
peptides  would  be  tested  for  the  presence  or  lack  of  cross¬ 
antigenicity  with  the  original  octapeptide  using  rabbit  ileal 
lamina  propria  T-lynphocy tea  in  vitro  and  antibody  binding.  This 
study  will  be  testing  the  hypothesis  that  the  conformation  of  a 
peptide  antigenic  site  is  more  critical  then  the  amino  acid 
sequence  for  recogniton  by  sensitized  T-lymphocytes  in  contrast  to 
antibody  binding  where  the  opposite  is  true.  Several  peptide 
analogs  may  be  found  which  give  good  T-lymphocyte  cross  reactivity 
but  no  cross  reactive  antibody  binding.  These  peptide  analogs 
would  then  be  prototypes  for  further  development  of  oral 
vaccines.  The  analogs  would  be  conjugated  to  synthetic 
polypeptides  having  specific  receptors  on  enterocytes  and  possibly 
further  conjugated  to  a  synthetic  adjuvant  such  as  muramyl 
dipeptide.  The  conjugates  will  also  be  tested  in  vitro  for 
maintenence  of  original  analog  antigenicity.  The  ianunogenic 
conjugates  will  also  be  tested  for  mucosal  absorption  and  ability 
to  sensitize  a  chronic  ileal  looped  rabbit.  Ultimately  it  will  be 
determined  if  rabbits  can  be  protected  from  enteric  pathogens 
following  oral  immunization  with  the  apppropriate  synthetic  peptide 
vaccines . 

iii.  Alterations  of  Intestinal  Transport 


Substances  to  be  absorbed  or  secreted  by  the  intestine  must 
cross  at  least  two  barriers  in  series,  the  membranes  at  the  two 
sides  of  the  epithelial  cell  layer.  In  order  to  have  net  active 
transport  across  this  series  array,  the  membranes  at  the  two  sides 
must  have  different  functional  properties,  ^or  the  past  several 
years,  much  of  our  research  has  been  directed  toward  obtaining 
information  on  the  transport  properties  across  the  whole 
intestine.  Over  the  next  year  we  intend  to  add  to  our  research  the 
experimental  approach  designed  to  obtain  information  on  the 
transport  properties  of  these  individual  barriers  and  to  understand 
how  the  barriers  contribute  to  the  overall  properties  of  the 
intestine.  Influx  studies  of  ions  and  non-electrolytes  across 
mucosal  membrane  using  influx  chambers  and  vesicle  preparations  are 
planned.  The  Initial  experiments  will  be  to  estimate  the 
glucose:  Na+  coupling  coefficient  in  the  brush  border  membrane. 
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Further  studies  involving  the  art  1 -secretory  agents  berbarine 
should  include  1)  the  effect  of  berterlne  on  the  glucose-induced 
absorption  of  water  and  electrolytes  and  2)  establishing  a 
correlation  between  berberi ne-i nduced  changes  in  the  phosphorylated 
protein  intermediate  and  berberi ne- induced  changes  in  cyclic 
nucleotide-induced  electrolyte  transport. 

Drugs  of  potential  use  in  diarrheal  diseases  including 
potential  absorption  stimulators,  such  as  dopamine,  bromocriptine 
etc.  and  potential  secretion  inhibitors,  such  as  trifluoroperazine, 
chlorpromazine,  fluphenazine  etc.,  will  be  evaluated  in  terms  of 
their  effects  on  the  basal  and  bacterial  toxin-altered  intestinal 
water  and  electrolyte  transport.  These  drugs  will  also  be 
evaluated  on  the  basis  of  the  alterations  which  they  cause  in 
cyclic  nucleotide  concentration  and  membrane  phosphorylation 
levels;  as  well  as  the  possible  involvement  of  calcium  and  calcium 
binding  proteins. 

Finally,  transport  studies  in  rat  small  intestinal  vesicle 
preparations  and  human  subjects  will  receive  special  attention  in 
the  next  year. 

lv.  Alterations  in  Intestinal  Motility 

Future  studies  on  the  effects  of  enteric  infection, 
entarotoxins,  dietary  lectins,  mucosal  injury,  inflarnnation  and 
luminal  distension  on  intestinal  motility  will  utilize  three 
approaches:  (1)  acute  m-oelectric  recordings  f rom  In  vivo 

intestinal  loops;  (2)  <  j_vi_tro.  micropuncture  of  single  cells  and 
tissue  strips;  and  (31  chronic  recordings  in  vivo  from  animals  with 
implanted  electrode*. 

Pharmacolc-c .  o  study  of  acute  in  vivo  intestinal  loops  in 
rabbits  and  in  transplanted  fetal  rat  intestine  will  examine  the 
neurohumoral  pathways  (particularly  those  intrinsic  to  the  gut)  for 
slow  waves,  MAPC  and  REAP  generation.  Additional  lectins  will  be 
surveyed  to  assess  the  frequency  of  motility  altering  lectins  in 
diets.  Loop  perfusion  with  C  ^  PEG  under  careful  monitoring  of 
luminal  distension  (probably  by  maintaining  a  perfusion  pressure 
that  is  subthreshold  for  MAPC  generation)  will  allow  investigation 
of  the  relationship  between  motility  and  transport. 

Development  of  single  cell  isolation  and  micropuncture 
techniques  for  in  vitro  isolation  of  mucosal,  ganglionic  and  smooth 
muscle  cells  and  tissue  strips  will  allow  direct  investigation  of 
cell  membrane  receptors  and  intracellular  mediators  (such  as 
calcium  and  cyclic  nucleotides)  and  their  effects  on  transmembrane 
electrical  potentials,  transport  and  tension  development.  In 
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addition,  functional  characterization  of  Isolated  cells  from 
various  muscular  layers  as  well  as  their  interactions  with  each 
other  and  with  the  myenteric  nervous  plexus  and  mucosal  cells  could 
be  determined.  Elucidation  of  neurohumoral  mechanisms  and 
intercellular  communications  at  a  cellular  level  will  be  extremely 
Important  in  analyzing  the  net  responses  of  the  organism  to  enteric 
infection  and  in  assessing  potential  areas  for  therapeutic 
Intervention. 

Utilizing  an  electrical  swivett  assembly,  in  vivo  stuoies  of 
unrestrained  rabbits  with  chronically  implanted  electrodes  will 
resume.  Normal  fasting  and  fed  motility  patterns  will  be 
established.  Studies  performed  in  acute  In  vivo  intestinal  loops 
will  be  expanded  in  this  more  physiologic  model.  The  effects  of 
pharmacologic  agents  and  native  infection  (RDEC)  on  motility, 
morphology  and  flora  will  also  be  studied.  Extension  of  this  model 
to  create  a  Jejuneal  blind  loop  may  enhance  the  effects  of  RDEC  and 
allow  induction  of  infection  pathogenic  for  humans  (Shigella, 
Salmonella,  Cholera,  Invasive  E.coli).  Subcutaneous  tunnelling  of 
a  loop  of  bowel  to  allow  sterile  cutaneous  puncture  would  enable 
periodic  quantitative  culture  of  luminal  contents.  Implantation  of 
electrodes  on  Thiry  villa  loops  would  enable  direct  instillation  of 
microorganisms,  toxins  and  pharmacologic  agents  into  the  study 
loop,  permit  studies  of  motility  effects  in  non-contiguous 
intestine  and  allow  simultaneous  transport  studies  using  C1  PEG 
perfusion  to  be  serially  performed  on  unanesthesized  animals. 
Implantation  of  electrodes  on  transplanted  fetal  rat  intestine  will 
permit  chronic  study  of  motility  from  extrinsically  denervated 
intestine  in  unanesthesized  animals.  Studies  from  these  isolated 
In  vivo  intestinal  segments  should  greatly  clarify  the  role  of 
extrinsic  and  intrinsic  factors  in  the  control  of  motility. 

Future  in  vivo  studies  using  the  non-human  primate  model  will 
assess  the  effects  of  enteric  infection  pathogenic  for  humans 
(Shigella,  Salmonella,  Invasive  E.coli,  hepatitis  A),  enterotoxins, 
dietary  lectins,  mucosal  damage  and  luminal  distension  on  motility, 
intestinal  flora,  transport  and  morphology.  Using  data  gained  from 
rabbit  and  rat  studies,  the  neurohumoral  pathways  involved  in  these 
responses  and  potential  sites  for  pharmacologic  intervention  will 
be  assessed.  Development  of  an  implantable  radiotelemetry 
apparatus  to  broadcast  signals  from  intestinal  electrodes  thereby 
enabling  recording  of  motility  from  unrestrained  monkeys  could  be  a 
significant  improvement  in  experimental  design. 

Continuing  development  of  computer  software  will  interface 
with  recent  hardware  acquisitions  which  allow  greatly  expanded 
memory,  faster  processing  and  continuous  Fourier  analysis  of 
myoelectric  signals.  These  advances  will  allow  simpler  and  more 
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accurate  and  complete  capture  of  myoelectric  signals  translating 
into  better  frequency  analysis,  noise  reduction,  timing  and  spike 
quantitation.  These  improvements  in  signal  processing  may  permit 
capture  of  signals  from  smaller  and  less  invasive  probes  and  will 
allow  direct  correlation  of  slow  wave  and  spike  potentials.  A 
longstanding  tenet  in  motility  is  that  slow  waves  are  a  basic 
control  mechanism  for  spikes  and  hence  intestinal  contraction. 
Development  of  these  programs  should  permit  direct  measurement  and 
testing  of  the  relationships  and  control  mechanisms  of  myoelectric 
events.  In  addition,  second  generation  computer  programs  will 
permit  simultaneous  sampling  from  a  greater  number  of  electrodes, 
expand  pattern  recognition  to  RBAP  and  minute  rhythm,  and  allow 
assessment  of  event  propogation  between  electrodes.  Utilizing  this 
program  analysis  of  colonic  motility  patterns,  which  are  much  more 
complex  than  those  of  the  small  intestine,  may  become  possible. 
Meaningful  assessment  of  colonic,  as  well  as  small  bowel,  motility 
and  transport  is  essential  before  definitive  conclusions  about  the 
net  effect  of  motility  in  clinical  diarrheal  states  and  therapeutic 
responses  can  be  addressed  (ie.  are  observed  small  bowel  events 
compensated  or  exaggerated  by  colonic  responses). 

With  the  development  of  less  Invasive  oral  pressure, 
myoelectric  and  radiotelemetry  probes  and  more  accurate  computer 
programs  for  data  collection  and  interpretation,  extension  of  these 
studies  to  patient  populations  should  be  possible.  Eventually 
studies  correlating  myoelectric,  pressure,  transit,  transport  and 
microbiologic  events  should  be  performed. 
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23.  (U)  Develop  capabilities  to  diagnose,  prevent,  treat  and  control  plague  to  protect 

troops  against  pneumonic  and  bubonic  disease. 

24.  (0)  Rapid  diagnostic  tests  are  developed  and  evaluated  using  clinical  specimens. 

New  plague  vaccines  and  therapeutic  drugs  are  assayed  for  efficacy  in  animal  models. 
Strains  of  Y.  pestis  are  examined  for  virulence  and  antibiotic  susceptibilities. 

25.  (U)  82  10  -  83  09  Sensitivity  of  the  ELISA  for  specific  Fraction  1  (FI)  antigen 
of  the  plague  bacillus  was  improved,  and  it  will  now  detect  50  picograms  of  FI  (JL.e., 

1  nanogram/ml.  This  test  and  similar  ELISA  procedures  that  measure  titers  of  IgG  and 
IgM  antibodies  were  incorporated  into  a  kit.  Shelf-life  studies  have  shown  that  rea¬ 
gents  in  the  kit  are  stable  for  at  least  a  year  if  stored  in  the  refrigerator  and  for 
three  months  at  20  degrees  Centigrade.  The  kit  was  field-tested  in  South  Africa  using 
specimens  from  both  bacteriologically  confirmed  cases  of  plague  and  clinically  suspect 
cases  that  occurred  during  1982-1983  in  northern  Namibia.  ELISA  proved  to  be  much 
more  sensitive  than  the  passive  hemagglutination  procedure  used  previously  in  that 
region.  ELISA  for  FI  antigen  also  was  examined  for  its  ability  to  detect  sntigeneaia 
in  laboratory  rats  with  acute  disease.  High  levels  of  FI  antigen  were  detected.  A 
procedure  was  developed  that  employs  enzyme-labelled  staphylococcal  protein  A  for  tests 
of  rodent  sera  which  otherwise  could  not  be  tested  by  ELISA.  A  study  was  completed  to 
compare  lots  of  FI  antigen  produced  in  the  United  States,  South  Africa  and  the  USSR 
using  hign-perf oraance  liquid  chromatography.  All  lots  contained  contamination  with 
other  proteins.  A  micro-test  plate  was  constructed  to  quickly  determine  biochemical 
reactions  for  isolates  suspected  of  being  Y.  pestis.  Seven  isolates  could  be  tested 
for  11  biochemical  characteristics  in  each  96-well  plate.  The  prototype  was  field- 
tested  in  South  Africa.  For  technical  report  see  Walter  Reed  Army  Institute  of 

Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83. 
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PROJECT  3M162770A87 1  PREVENTION  OF  MILITARY  DISEASE  HAZARDS 
WORK  UNIT  154  PREVENTION  AND  TREATMENT  OF  PLAGUE 

Investigators: 

Principal:  MAJ  James  E.  Williams,  MSC 

Associates:  Daniel  N.  Harrison,  Ph.D. 

SSC  Carol  A.  Braden 
SSG  Guy  L.  Tyndal 
William  L.  Roelke,  Jr.,  MS 
PFC  Vincent  D.  Palmer 

Problems  and  Objectives 


Plague  remains  a  threat  to  unvaccinated  and  possibly  to 
vaccinated  military  and  civilian  populations  in  many  parts  of 
the  world,  especially  in  catastrophic  or  wartime  situations 
that  preclude  application  of  modern  sanitary  practices.  In 
addition,  there  exist  potentials  for  plague  from  variant  bacilli 
that  are  resistant  to  therapeutic  drugs  and  from  nonencapsulated 
strains  that  are  not  detected  by  the  serological  tests  now  used 
for  diagnosis.  The  objective  is  to  improve  capabilities  for  pro¬ 
tecting  troops  against  pneumonic  and  bubonic  plague.  The  current 
research  program  focuses  on  three  requirements  for  reducing  the 
impact  of  plague  on  soldiers  in  combat:  1)  rapid  and  sensitive 
procedures  for  use  in  the  field  to  diagnose  plague  infections,  to 
evaluate  drug  susceptibilities  for  effective  therapy,  and  to 
characterize  new  strains  of  the  pathogen  for  military  intelli¬ 
gence,  ii)  improved  techniques  for  the  production  and  assay  of 
plague  vaccine  to  insure  that  sufficient  supplies  of  efficacious 
vaccines  could  be  prepared  quickly  during  emergencies,  and  iii) 
a  forecasting  system  to  facilitate  determinations  of  where  and 
when  plague  surveillance  or  control  activities  may  be  necessary. 

Progress 

The  research  emphasis  in  FY83  was  on  the  development  of 
field-portable  tests  for  the  rapid  diagnosis  of  plague.  Sensi¬ 
tivity  of  the  ELISA  for  specific  Fraction  1  (FI)  antigen  of  the 
plague  bacillus  was  improved,  and  it  will  now  detect  50  picograms 
of  FI  (i.e.,  1  nanogram/ml).  This  test  and  similar  ELISA  proce¬ 
dures  that  measure  titers  of  IgG  and  IgM  antibodies  were  incorpo¬ 
rated  into  a  kit.  Shelf-life  studies  have  shown  that  reagents  in 
the  kit  are  stable  for  at  least  a  year  if  stored  in  the  refrig¬ 
erator  and  for  three  months  at  20°C.  The  kit  was  field-tested  in 
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South  Africa  using  specimens  from  both  bacteriologically  confirmed 
cases  of  plague  and  clinically  suspect  cases  that  occurred  during 
1982-1983  in  northern  Namibia.  ELISA  proved  to  be  much  more  sen¬ 
sitive  than  the  passive  hemagglutination  procedure  used  previously 
in  that  region  for  the  diagnosis  of  plague.  The  ELISA  for  FI 
antigen  also  was  examined  for  its  ability  to  detect  antigenemia 
in  laboratory  rats  with  acute  disease.  High  levels  of  FI  antigen 
were  detected  in  the  blood  and  in  other  body  fluids  and  tissues  at 
3  days  post  infection  with  virulent  plague  bacilli.  These  results 
indicate  that  the  ELISA  for  FI  antigen  will  be  valuable  for  rodent 
plague  surveillance  and  control  efforts.  In  addition,  a  procedure 
was  developed  that  employs  enzyme- 1 abel 1 ed  staphylococcal  protein 
A  for  tests  of  rodent  sera  which  otherwise  could  not  be  tested  by 
ELISA,  as  species-specific  conjugates  are  not  available.  The 
ELISA  with  protein  A  was  evaluated  using  sera  of  laboratory  in¬ 
fected  California  ground  squirrels  (Spermophlluo  beecheyi) .  ELISA 
procedures  and  all  other  kinds  of  serological  tests  currently  in 
use  for  plague  diagnosis  are  based  on  the  FI  antigen  of  Y.  pestis. 
A  study  was  completed  to  compare  lots  of  FI  antigen  produced  in 
the  United  States,  South  Africa  and  the  USSR  using  high-perfor¬ 
mance  liquid  chromatography  (HPLC).  All  lots  of  FI  examined  by 
HPLC  contained  contamination  with  other  proteins,  but  the  USSR 
preparations  of  FI  antigen  were  the  cleanest.  Efforts  to  develop 
monoclonal  antibodies  to  specific  Yersinia  pestis  proteins  other 
than  FI  for  use  In  new  diagnostic  tests  have  continued.  A  proto¬ 
type  of  a  micro-test  plate  was  constructed  to  quickly  determine 
biochemical  reactions  for  isolates  suspected  of  being  Y.  pestis . 
Seven  isolates  could  be  tested  for  11  biochemical  characteristics 
in  each  96-well  plate.  The  prototype  was  field-tested  in  South 
Africa  and  found  to  be  deficient  in  some  respects.  Several  im¬ 
provements  were  achieved  subsequently,  but  the  requirement  for 
this  customized  test  plate  has  been  reduced  somewhat.  In  ongoing 
evaluations  of  commercially  available  systems,  we  have  now  identi¬ 
fied  a  product  that  is  simple  to  use,  portable,  and  can  be  used 
efficiently  to  identify  Y.  pest  is  in  U  hours  if  care  is  taken  in 
the  interpretation  of  certain  reactions  that  may  vary  from  the 
expected.  The  product  was  evaluated  in  tests  of  100  strains 
of  Y.  pest  is  from  various  regions  of  the  world.  A  similar  search 
among  commercial  products  for  an  effective  test  system  to  rapidly 
determine  antibiotic  susceptibilities  for  If.  pestis  isolates  has 
not  been  successful,  as  yet,  so  development  of  such  a  capability 
has  been  given  added  emphasis. 

Re commend a  t ions 

Rapid  tests  to  diagnose  plague  based  on  specific  Y.  pestis 
proteins  other  than  FI  antigen  are  needed  to  recognize  infections 


542 


with  variant  plague  bacilli.  Additional  work  is  required  on  the 
established  ELISA  tests  for  measuring  antibodies  to  FI  antigen  to 
reduce  the  time  required  for  testing,  improve  field  portability 
and  remove  residual  "background"  coloration  for  increased  sensi¬ 
tivity.  The  development  of  a  portable  kit  to  rapidly  determine 
drug  susceptibilities  should  be  emphasized.  Evaluations  of  new 
anti-bacterial  drugs  for  chemotherapeutic  value  against  plague 
should  be  undertaken.  Work  on  computerized  techniques  to  improve 
forecasting  capabilities  should  be  continued. 
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Pulmonary  hemorrhaging;  (U)  Medical/Surgical  Treatment 

RmMA  MMIMRnW  jM.<rwn  Mr  —**  Ami*  «Mrt  M  •*»*  jMMcw.fy  e/4w«  <•«•*«■ 


intestinal  henorrhagjng ;  (U)  Pulmonary  hemorrhaging,:  fU)  Medical/Surgical  Treatment 

ill  TfCMRKAA.  0«A«CTIVC.*  IA  ARRROACR,  II  RROMCW  fPwUA  «■***»-*  k+mm<tf+.-4  Mr  ——MM.  AM**  W  MfA  XR  (Mwlff  £•*.) 

2 3 (U)  This  project  proposes  to  respond  to  the  threat  of  potential  blast  related  prob¬ 
lems  which  may  be  experienced  by  the  Army  in  the  field.  Our  ultimate  goal  is  to  opti¬ 
mize  the  treatment  of  blast-injured  casualties.  Toward  this  goal  we  are  evaluating 
techniques  which  will  allow  documentation  of  the  natural  history  of  gastrointestinal 
and  pulmonary  Injuries.  The  threat  of  exposure  of  American  soldiers  to  blast  waves 
from  enemy  weapon  systems  which  may  exceed  established  thresholds  is  increasing. 

24(U)  Fuel-air  explosives  will  be  used  to  create  injuries  in  two  different  species  to 
determine  if  the  distribution  of  injuries  are  similar.  The  advantages  and  disadvan¬ 
tages  of  utilizing  these  two  species  of  animals  will  be  enumerated  and  evaluated.  The 
rapid  technique  for  the  in  vivo  estimation  of  lung  water  content  using  a  double¬ 
dilution  technique  will  be  assessed  in  the  laboratory  to  determine  the  reliability, 
repeatability  and  accuracy  of  this  technique  so  that  the  natural  history  of  blast 
injuries  can  be  followed. 

25 (U)  82  10-83  09  A  review  of  the  world  experience  with  gastrointestinal  effects  of 
blast  injury  was  prepared  and  published  in  Military  Medicine.  Plans  for  a  Laboratory 
Blasting  Device  were  obtained  from  Great  Britain  and  the  device  is  being  built. 

Liaison  was  developed  with  the  BRL  at  Aberdeen  Proving  Grounds,  and  it  is  expected 
that  we  will  participate  in  blast  testing  programs  at  APG .  For  technical  reports  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report  1  Oct  82  -  30  Sep  83- 
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Project  3S162772A874  METHODS  AND  TECHNIQUES  FOR  COMBAT 

CASUALTY  MANAGEMENT 

Work  Unit  181  Management  of  Military  Blast  Injury 

Investigators: 

Principal:  John  W.  Harmon,  LTC,  MC 

Co-investigator:  John  A.  Sampson,  CPT,  MC 

Background  and  Objectives: 

The  human  body  cannot  tolerate  blastwave  environments  for 
overpressures  greater  than  a  few  psi  without  sustaining  severe- to- 
lethal  damage.  Blastwaves  with  significant  overpressure  can  be 
created  either  accidentally  or  in  a  hostile  battlefield 
environment.  Very  little  is  known  about  the  diagnosis  and  care  of 
blast  injured  casualties  primarily  because,  in  general,  the 
magnitude  of  the  blast  overpressure  is  unknown  and  the  injuries, 
which  could  range  from  mild  to  severe,  are  primarily  internal.  The 
object  of  the  current  effort  is  to  evaluate  battlefield  airblast 
threats.  The  battlefield  airolast  threat  is  quite  significant  due 
to  the  number  and  variety  of  weapons,  both  conventional  and 
nuclear,  for  which  blast  overpressure  is  a  primary  kill 
mechanism.  Such  weapons  can  range  from  small  hand  grenades 
containing  one  pound  of  condensed  high  explosives  to  8,000  pound 
bombs,  2,000  pound  fuel-air  explosive  weapons  (8,000  pound  HE 
equivalent),  small  tactical  nuclear  weapons  in  the  few  kiloton 
yield  rar..:e  or  multi-megaton  nuclear  devices.  The  blastwave 
profile  t.  hich  an  unprotected  soldier  is  subjected,  of  course, 
ct,e..us  ooth  the  yield  or  energy  release  of  the  weapon  as  well 

as  the  standoff  or  range  at  which  the  soldier  is  located  from  the 
center  of  the  explosion.  These  factors  are  accounted  for  in  the 
threat  definition. 

In  addition  to  defining  the  airblast  threat,  a  series  of 
airbiast  environment  exposure  tests  were  performed  in  which  the  S- 
Cubed  f,.-')-air  explosive  (FAE)  blast  source  wa3  used  to  subject 
an;mai  letal  doses  (LD)  of  airblast  overpressures  that  ranged 

between  JO  and  90  percent  (LDqq  -  LDgQ).  The  VRAIR  team  of 
pathologists,  veterinarians  and  technicians  examined  in  detail  the 
damage  sustained  by  various  vital  organs  to  determine  the  degree 
and  nature  of  the  damage.  The  static  and  stagnation  pressures  as 
functions  of  time  were  measured  at  the  ranges  at  which  the  animals 
we«*e  placed.  The  ultimate  objective  of  this  part  of  the  program  is 
to  correlate  airblast  overpressure  profiles  with  tissue  damage  and 
ever,  ually  develop  techniques  to  care  for  and  cure  blast  injured 
casualties. 
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Progress : 


1.  Threat  Definition.  During  this  fiscal  year  an  Air  Blast 

Threat  Definition  was  prepared  under  contract  by  S-Cubed  for  the 
WRAIR  COBIC  program.  A  major  aspect  of  this  definition  was  a 
nomogram  for  estimating  lethality  from  fuel-air  explosives.  The 
nomogram  is  included  as  Figure  1.  In  order  to  illustrate  how  the 
nomograph  is  used,  a  dashed  line  has  been  placed  on  Figure  1. 
Assume  a  100-pound  bomb  has  exploded  subjecting  a  person  to  an 
overpressure  of  50  psi.  The  dashed  line  starts  at  50  psi  on  the 
vertical  scale  and  moves  horizontally  to  the  overpressure  curve. 
From  that  curve,  the  dashed  line  goes  vertically  downward  crossing 
the  scaled  range  at  a  value  of  r/w1'^  of  4  and  continuing  downward 
to  the  yield  curve  of  100  pounds  in  the  lower  right-hand 

quadrant.  The  line  then  goes  to  the  left  crossing  the  range  scale 
at  20  feet  and  continues  to  the  left  into  the  lower  left-hand 
quadrant  which  provides  an  estimate  of  the  degree  of  damage 

sustained.  The  dashed  line  continues  in  that  quadrant  until  it  is 
directly  teneath  the  100  pound  yield  scale.  It  is  seen  that  for 
this  case,  the  injuries  would  be  in  the  region  of  severe-to- 

lethal.  If,  on  the  other  hand,  it  was  known  that  a  person  was  20 

feet  from  a  IC^-pound  bomb  that  wa3  detonated,  the  point  in  the 
damage  curve  could  Le  found  immediately  by  starting  at  the  lower 
vertical  range  curve  and  moving  to  the  left.  If  it  were  of 
interest  to  know  the  pressure  and  impulse  to  which  the  person  had 
been  subjected,  the  dashed  line  could  start  at  the  lower  vertical 
range  scale  and  move  to  the  right  until  it  intersects  the  100-pound 
yield  line,  then  up  to  the  pressure  and  scaled  impulse  curves. 

2.  Fuel  Air  Field  Study.  During  this  year,  the  data  from  the 
1982  FAE  field  study  in  San  Diego  was  collated  and  evaluated  and 
the  reports  completed.  This  preliminary  study  identified  the 
difficulties  in  obtaining  a  pure  bla^c  injury  in  the  FAE 
environment.  In  the  1 982  study,  secondary  and  tertiary  injury 
undoubtedly  contributed  to  the  injury. 

During  1983,  a  new  field  study  was  planned.  It  incorporates 
a  new  animal  sling  which  should  minimize  secondary  and  teritary 
injury.  It  utilizes  the  pig  as  an  experimental  animal  as  thi3 
animal  seems  to  be  as  well  suited  as  any  for  both  pulmonary  and 
gastrointestinal  evaluation  in  an  animal  scaled  similarly  to  man. 
The  thrust  of  the  new  field  study  will  be  to  correlate  pathology 
and  serum  enzyme  markers  of  injury. 

3.  Blast  Eehind  Armor.  The  Ballistics  Research  Laboratory  of 
the  Aberdeen  Proving  Grounds  has  been  asked  to  evaluate  the 
environment  within  a  US  Armored  Personnel  Carrier  which  is 
penetrated  by  a  high  explosive.  They  have  requested  that  the 
Division  of  Surgery,  WRAIR,  evaluate  the  effects  of  blast  In  these 


548 


circumstances.  Planning  an  approach  to  this  problem  ~nd  getting 
support  for  this  new  aspect  of  our  oission  has  been  a  top  priority 
in  the  final  quarter  of  fiscal  1 983 . 

Recommendations  for  the  Future: 

1.  Fuel  Air  Explosive  Testing.  At  this  time,  it  is  still  not 
known  whether  FAE's  represent  a  unique  blast  threat,  nor  is  it 
known  how  best  to  manage  casualties  from  FAE's.  Operationally,  we 
will  have  to  decide  whether  to  continue  to  collaborate  with  S-Cubed 
which  has  excellent  blast  facilities,  but  has  limited  support  for 
biologic  testing,  or  whether  to  utilize  the  Lovelace  facility  in 
Albuquerque  which  could  carry  on  better  biological  evaluations. 

2.  Blast  Behind  Amor.  We  expect  that  this  will  be  our  top 
priority  project  in  198M  because  of  intense  Army  interest  in  this 
project.  We  plan  to  devote  personnel  and  money  to  this  project  to 
try  to  assist  the  BRL  in  its  evaluation. 

Publication: 


Sedgwick,  R.T.  and  Groethe,  M.A.  Airblast  Threat  Definition  and 
Exposure  Tests  in  Support  of  the  Care  of  Blast  Injured  Casualties 
(COBIC)  Program,  SSS-R-83-5963,  January  1983. 


5^9 


RESEARCH  AMO  TECH  HOC  OCT  ICRX  WIT  SUMMARY 


DO-DR*S(*K>*  i* 


STOC, 


•  1  »i*ll  '#»«•■»  «*>  Im+mnty  CW»J 

(U)  Biomedical  Asaects  of  Medical  Material 


<1  KU«Tl*K  A*0  flC""<H04ICAl  »««*t 

008800  Life  Support  002400  Bioengineering 


I*.  flTMATfO  COMMLlfKHl  OATf 

80  10  C0NT 


IT  CCM  T  «*CT/««A«  T 

•  0*  *9%/W  »»«CTlV*i  (MRlMATlOMl 

Ik  ««NiMR  4 

A  »Y#«  4  AMOVMf! 

»)M«  9#  A«M**I  #.  CUM.  AMT. 


•«  •<IAO«t<K(  OOO  OMAHIlAflOM  |  _  | 

••»** Walter  Reed  Army  Institute  of  Research 
*— «•*’*  Washington,  DC  20307 


•f  l»0«U»4.  «  MHNWMMAC 

TOP,  F  H  JR 

T ICIMMOMl  i 


*4-«**V.  *«f 


**.  RCRRORMAMCC  M TwOO 

C.  In-House 


«.  Hhwri  I  *  rrti  rminn  n  bam  v*»  1  4  rv«OB  o>  *■  -  — 


imi 


I*  RIRfaWM  (HUAWIATWI 


"—•lialter  Reed  Army  Institute  of  Research 
Division  of  Surgery 
“•"•“‘Washington,  DC  20307 

NtHKtfU,  MVflTWATMfrwM  IMN  #  9  t.  ill  *W»  W«* 

•W  HARMON ,  J  W 
m.M<r  (202)  576-3791 

MCtti  HOflKTT  MXM*T  WMM* 

LMtOiTI  WVMTItATM 

SCHWEITZER.  E 


_ _ 1  — «■ _ POC:  DA _ 

n. nTH53B -» *-— ** c>— /*—  orT,  (u)  Laboratory  models:  (U)  Medical  Material  Systems; 

(U)  Biomedical  support;  ,U)  Life  support  systems _ 

j»  <C»«KAt  omcrivt/  I*  «M*MOAOC  U  RMH  — »  flip  I  quarts  f  "  *•**  w  0»,f4  J-,r"  Cw  •  > 

23  (U)  The  primary  objective  is  to  develop  and  provide  laboratory  models  for  bio¬ 
medical  assessment  of  medical  material  systems.  Medical  material  systems  currently 
being  developed  will  continue  to  undergo  operational  testing  to  determine  if  such 
systems  are  usable  and  useful.  Our  objective  will  be  to  exploit  these  newly  developed 
materials  in  the  environment  that  they  are  designed  to  be  used  in.  These  studies  will 
not  only  assure  the  military  relevancy  of  such  materials,  but  they  will  also  assist  in 
the  integration  of  such  materials  into  the  armamentarium  of  the  Army  Medical  Corps. 

24  (U)  Appropriate  animal  models  and  bench  models  will  be  developed  and  utilized  to 
accomplish  our  objectives.  Each  medical  material  system  will  have  an  Individual 
evaluation  to  determine  which  method  of  assessment  will  be  used.  After  completion  of  j 
each  assessment,  the  data  will  be  analyzed  statistically,  where  possible,  and  a  summary 
statement  issued. 

25  fU)  82  09  -  83  10  A  simple  au tot rans f us  ion  device  for  possible  Battalion  Aid  station 
use  ha°  been  invented  and  testing  is  being  initiated  in  animals  with  hemothorax. 

Animal  testing  for  tumorogen ic ity  of  cyanoacrylate  tissue  adhesive  was  carried  out  in 
rodents  confirming  earlier  studies.  For  technical  report  see  Walter  Reed  Army 

Institute  of  Research  Annual  Progress  Report  1  Oct  82  -  30  Sep  83. 
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Project  3S162772A874  METHODS  AND  TECHNIQUES  FOR  COMBAT  CASUALTY 

MANAGEMENT 

Work  Unit  182  Biomedical  Aspects  of  Medica'  Materiel 

Investigator: 

Principal:  Jonn  W.  Harmon,  LTC,  MC 

Co-Investlgatcr ' s :  Eugene  Schweitzer,  CPT,  MC 

Jerry  Hauer,  CPT,  MSC 

Background  and  Objectives: 

The  primary  objectives  are  to  develop  and  provide  laboratory 
models  for  biomedical  assessment  of  medical  materiel  systems. 
Appropriate  animal  models  and  bench  models  will  be  developed  and 
utilized  to  accomplish  this  goal.  Each  medical  materiel  system 
will  have  an  individual  evaluation  to  determine  which  •  method  of 
assessment  will  be  used.  After  completion  of  each  assessment,  the 
data  will  be  analyzed  statistically,  where  possible,  and  a  summary 
statement  issued.  These  studies  will  not  only  assure  the  military 
relevancy  of  such  materiels,  but  they  will  also  assist  in  the 
integration  of  such  materiels  into  the  armanentarium  of  the  Army 
Medical  Corps. 

Progress : 

Two  projects  were  directed  at  the  evaluation  of  Medical 
Materiel,  one  to  evaluate  tissue  adhesive  and  the  other  to  evaluate 
a  field  autotransfusion  device. 

A  study  of  the  turmourogenic  effect  of  butyl-cyanoacrylate  (BC) 
is  being  carried  out.  BC  is  a  tissue  glue  similar  to  so-called 
"Super  glue"  available  in  hardware  stores.  The  Army  Medical  Corps 
has  been  interested  in  cyanoacrylate  glues  because  they  may  have 
the  potential  to  control  bleeding  in  combat  casualties.  BC  is  a 
relatively  recently  developed  analog  with  a  butyl  side  chain.  A 
cyanoacrylate  glue  with  a  methyl  side  chain  has  been  shown  by  Page’ 
to  cause  sarcomas  in  rats.  We  have  tested  BC  in  a  similar  way 
because  of  the  possibility  that  would  not  cause  sarcomas.  In 
fact,  sarcomas  did  occur  in  ra'j  Injected  with  either  0.1  or  0.^  mg 
of  BC  subcutaneously  (see  Appendix  A,  letter  to  FAA  describing 
results  of  WRAIH  studies  on  BC).  It  remains  unknown  whether  the 
sarcomas  that  developed  An  these  animals  were  a  result  of  exposure 
to  BC  specifically  or  whether  they  were  a  result  of  a  non-specific 
mechanical  effect  of  an  irregularly  shaped  mass  being  present  in 
the  subcutaneous  tissue.  A  new  experiment  with  appropriate 

controls  for  this  effect  would  be  required  to  asake  this 
differentiation. 
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The  further  responsibility  for  studying  cyanoacrylate  glues  was 
transferred  this  fiscal  year  from  WRAIR  to  USAIDR  by  the  USAMRDC 


Another  project  in  this  work  unit  has  been  the  early 
development  of  field  autotransfusion  device  (FAD)  for  forward 
use.  Such  a  device  has  the  potential  to  allow  a  medic  to  transfuse 
a  severely  bleeding  casualty  with  his  own  shed  blood.  This  could 
save  lives  especially  in  patients  with  hemothorax,  a  condition  for 
which  such  a  device  is  particularly  well  suited. 

2 

Such  a  device  was  envisioned  by  Swan  and  Swan  .  CPT  Eugene 
Schweitzer,  currently  an  investigator  at  WRAIR,  in  collaboration 
with  COL  Ken  Swan,  MC,  USAh,  have  initiated  development  of  such  a 
device.  A  patent  application  has  been  filed.  Testing 

of  this  device  has  begun  in  dogs.  A  hemothorax  is  created  and  500 
cc  of  blood  is  autotransfused  with  the  device  back  into  the  dog. 
Studies  of  the  survival  of  autotransfused  red  cells  using  Chromium 
51,  as  well  as  studies  of  such  transfusion  on  clotting  parameters, 
are  currently  underway. 

Recommendations  for  the  Future: 

Further  testing  of  the  FAD  will  be  undertaken  in  the  next 
fiscal  year.  Serious  consideration  will  be  given  to  arranging  a 
"hand  off"  of  this  device  for  further  development. 

The  Division  of  Surgery  has  been  requested  by  DARCOM  to 
participate  in  evaluation  of  the  Bradley  ARC.  If  this 
participation  is  funded,  this  activity  will  be  a  major  component  of 
this  work  unit. 

Ref  erences: 

1.  Page,  Larsen,  Siegmund  in  Proceedings:  Symposium  in  Physiologic 
Adhesives,  p.  11-23,  University  of  Texas  Press,  1966. 

2.  Swan,  KG  and  Swan,  RC.  Gunshot  Wounds,  Physiology  and 
Management.  PSG  Publishing  Co.,  Littleton,  Mass.,  p.  96,  1980. 
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APPENDIX  A 


Division  of  Surgery 


Thomas  CaLiahan,  Phi' 

Bureau  of  Medical  Devices 
3757  Georgia  Avenue 
S  lver  Spring,  MD  2i)91  ) 

Tiear  Doctor  Callahan: 

In  view  of  your  responsibilities  for  review ir.,-'  cyanoacrylate  glue,  I  wont  to  make 
you  a"  are  of  some  studies  dor.t  at  the  Division  oi  Surgery,  Walter  Reed  Army  Institute 
of  Research.  The  use  of  this  n;,ent  is  controversial  because  Page  reported  in  tiie 
Proceedings  of  the  Symposium  on  Physiological  Adhesives,  University  of  Texas  Press, 
liiht-,  p.  11-22,  that  m<’thyl-2-<:vM,oacrylate  was  tumorigenic  in  rats.  He  fount, 
libroaareomas  in  #  of  39  rats  Injected  with  0.4  ml  of  this  material  subcutaneously.  As  a 
result  of  these  studies,  the  Federal  Drug  Administration  (FDA)  has  refused  to  allow  the 
marketing  of  cyanoacrylate  glues  for  surgical  use  in  The  United  States.  As  far  as  we 
know,  no  human  tumours  heve  been  associated  with  cyanoacrylate  use  in  Europe,  or  in 
civilian  dental  and  ophthalmic  surgery  in  the  United  States  where  it  is  widely  used. 
Because  the  agent  has  not  caused  tumours  in  humans,  some  peoole  have  doubted  the 
validity  of  Page's  study  or  proposed  that  the  tumorigeniefty  was  related  to  the  use  of  his 
particular  cyanoacrylate  analogue. 

To  investigate  the  possibility  that  the  more  modern  analogues  might  not  ho 
tumorigenic,  Colonel  Arthur  Fleming  of  the  Division  of  Surgery,  obtained  some  n-butvl 
cyanoacrylate  from  Canada.  He  injected  this  agent  into  rats  using  a  protocol  very 
similar  to  Page’s.  The  injections  •urn  ohrrijd  out  3-4  June  lt)32.  Af  of  our  most  recent 
review  of  this  project  in  Vay.  IPJ.i,  tumours  :..ive  ;«.e:i  found  in  4  of  ,)J  rats  inj'Ctoo  with 
0.1  ml  and  ir.  4  of  24  rats  injected  with  :;.4  ml  oi  the  igcnt. 

The  VVRAIR  pathologists  have  evaluated  four  i  f  ik.>-c  tun? ours  oy  light  microscopy 
and  one  by  ••Jectron  microscopy.  'hero  is  y.n.or  .’preen. ret  that  those  tumours  ore 
poorly  differentiated  sarcomas  tr."t  er*  rJigne..  m  v  h“r;.et:  i  i'ticj  with  tn<. 

••’ali^nant  fibre?..  t,;  diocvIu-.  m  uim  •  ./  r?*ts.  i  ••arc  have  teen  no  inetr.stnsos 
documented  to  dati  in  n:.v  of  tue  i-r.-.  .-wr,  inesc  tumours  grow  rapidly  to  several 

centimeters  ir,  o.nmeter  uv!  roi.ii  in  evid  nm-  of  bh  oo  vessel  iriva.-ion.  From  the  present 
study,  it  L  l  iiposMbu  to  deten  lira  A'.ctlxr  the  tumours  ussociated  with  subcutaneous 
deposition  of  n~bJty!  cyino.n  rGu'.c  in  i.  u  rronus? >.t  a  genuine  curcino genic  effect  cf 
this  compound  or  one  of  its  con  ;.:n« i..s.  bi.i.ilir  tumours  have  been  associated  with 
subcutaneous  implantation  of  p  i,jer..iei'>l  _•  sheets  or  ojsi  s  of  plastic  or  rnetal, 
representing  a  non-specific,  s- In. -state  carcinogenic  effect  which  is  a  response  to  e 
physical,  rather  than  chemical  oh..  ;u  *th.-!stic  of  tu  ■  ir'pini,ted  material.  This  solid-state 
carcinogenic  principle  .v.y  also  ue  operational  witi.  -...ocutancous  n- butyl  cyanoacrylate 
and  may  ropt  csnnt  a  sp.c'i'-s-spccit'i  r  rcsoorsc  of  I  hr  rut.  Nonetheless,  the  study 
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'’ertainly  confirms  Pace's  findings  and  fr.ec-s  lurther  in  that  the  0.1  mi  injection  caused 
tumours  in  the  WRAIR  study,  but  not  in  -’age's.  The  US  Army  Institute  of  Dental 
Research  will  be  following  up  these  studies  to  try  to  determine  whether  the  effect  is 
chemical  or  solid  state. 

We  are  making  you  aware  of  these  unpublished  results  in  order  to  assist  you  in 
carrying  out  your  responsibility  for  makinr  regulatory  decisions. 

Sincerely, 


FRANK!, IN  H.  TOP,  JIL,  V.D 
Colonel.  Medical  Corps 
Director 
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23.  (U)  To  develop  new  drugs  with  protective  activity  against  injury  to  military  personnel 
in  the  event  of  exposure  to  chemical  poisons. 

24.  (U)  Potentially  active  drugs  will  be  identified  and  obtained  by  synthesis  or  purchase. 
Candidate  drugs  will  be  tested  in  laboratory  model  systems  to  establish  protective  effi¬ 
cacy,  mechanisms  of  pharmacological  effects,  effects  on  physiological  response  and  phar¬ 
macokinetic  characteristics.  Results  will  be  used  as  input  to  computer-assisted  mol¬ 
ecular  modeling  system  for  evaluation  to  guide  design  of  new  compounds.  Information  is 
used  in  selection  of  candidate  drugs  for  clinical  trials. 

25.  (U)  8210-8309  More  than  200  compounds  were  screened  for  efficacy  against  toxic  doses 
of  cyanide.  Hydroxycobalamin  was  active  therapeutically,  with  a  protective  ratio  of  8.2 
in  combination  with  nitrite  +  thiosulfate.  WR  2823  was  active  prophylactical ly  over  five 
nours'  duration  with  a  protective  ratio  of  greater  than  three.  Oral  efficacy  was  not 
found.  Four  extramural  testing  systems  are  in  process  of  validation.  Synthesis  of 
prospective  compounds  is  supported  by  an  extramural  program  of  22  contracts  and  compounds 
lave  been  synthesized  as  oxime  reactivators  of  acetylcholinesterase,  non-oxime  reacti¬ 
vators,  antimuscarinic  and  pretreatment  drugs.  A  new  and  superior  route  of  synthesis 

)f  oximes  was  developed.  For  technical  report,  see  Walter  Peed  Army  Institute  of 
Research  Annual  Progress  Report  1  Oct  82  -  30  Sep  83. 
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PROJECT  3M162734A875 


Medical  Systems  Of 
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WORK  UNIT  161  Development  of  Anti -Chemi cal  Warfare  Drugs 
INVESTIGATORS: 


Pri nci pal : 
Associ ate: 


COL  Craig  J.  Canfield,  MC 

COL  David  E.  Davidson,  Jr.,  VC 
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PROBLEM  AND  OBJECTIVES: 


Antidotes  currently  available  to  protect  or  treat  U.S. 
military  personnel  who  may  be  attacked  with  chemical  weapons  are 
inadequate  and,  for  some  types  of  chemicals  which  are  potential 
threats,  antidotes  are  non-existent  or  unsuitable  for  mass 
admi ni stration.  The  development  of  suitable  antidotes  would 
improve  the  capacity  of  military  units  to  perform  effectively  in 
the  event  of  use  of  chemical  agents,  reduce  the  number  of  medical 
casualties  and  deter  the  use  of  chemical  agents  by  an  enemy. 

PROGRESS: 

Intra-and  extramural  programs  of  synthesis  and  testing  of 
candidate  compounds  have  been  conducted. 

The  extramural  synthesis  proqram  is  supported  by  2.2 
contracts.  In  addition  to  contractual  synthesis  of  oxime 
reactivators  of  acetyl chol i nesterase ,  non-oxime  reactivators, 
anti muscari ni c  compounds  and  pretreatment  drugs,  there  are 
contracts  for  radiolabeling,  larger  scale  preparati ons ,  chemical 
analyses  and  data  handling  and  inventory  services.  Compounds  have 
been  synthesized  in  all  areas  of  interest,  with  the  most 
significant  findings  in  the  oxime  area.  Gram  and  kilogram 
quantities  of  two  bi s -quaterna ry  pyridinium  oximes  were  sythesized 
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by  a  new  route  which  makes  available  compounds  of  interest  which 
were  previously  difficult  to  synthesize  in  sufficient  amounts. 
Several  new  mono-quaternary  imidazolium  oximes  have  shown  activity 
against  Soman  in  vitro  and  in  rodent  test  systems. 

The  intramural  synthetic  program  has  produced  four  prospective 
nnn-hal 1 uci nogeni c  anti convul sant  drugs  and  establishment  of  the 
laboratory  for  study  of  muscarinic  binding  is  nearly  complete. 

The  extramural  anti -cyanide  testing  program  is  supported  by 
four  contracts,  all  in  the  initial  year  of  funding.  Laboratory 
model  systems  have  been  established  and  are  being  validated.  The 
systems  include  rodent  models  for  study  of  candidate  cyanide 
scavengers  ana  methemoql obi n  formers,  a  canine  model  for  advanced 
study  of  methemoql  obi  n  kinetics  and  an  in  vitro  culture  system 
with  hepatocytes  for  screening  and  biochemical  studies. 

Major  areas  of  emphasis  in  intramural  testing  of  candidate 
cyanide  antagonists  have  been  a)  methemoql obi  n  formers,  b)  thiols 
and  other  sul fur-contai ni nq  compounds  and  cl  cohal t-contai  ni  nq 
compounds,  including  hy droxycobal ami n .  In  combination  with 
nitrite  and  thiosulfate  against  cyanide  in  mice,  hydroxycobal ami n 
afforded  a  protective  ratio  of  up  to  8.2.  it  is  very  well 
tolerated,  but  the  necessity  for  intravenous  administration,  the 
very  short  duration  of  effectiveness  and  the  large  dose  required 
for  protection  appear  to  limit  its  potential  utility.  Although  it 
would  not  appear  to  have  potential  for  prophylactic  application, 
it  may  be  a  useful  adjunct  to  existing  therapy  in  medical 
management  of  cyanide  casualties. 

More  than  200  candidate  compounds  in  a  variety  of  classes  of 
cyanide  antagonists  have  been  examined  for  prophylactic  activity 
and  ten  thiols  or  thiol  analogs  have  been  di sccvered  which  have 
protective  ratios  of  two  or  better.  The  most  promising  agent  in 
this  qroup  is  a  phosphoroth i oate ,  WR  2823.  This  compound  had  a 
maximum  protective  ratio  of  three  in  mice  when  administered  alone 
and  five  when  administered  in  combination  with  nitrite  and 
thiosulfate  by  injection.  Protection  of  five  hours'  duration 
suqgests  potential  prophylactic  appl i caoi 1 i ty .  Because  the 
compound  was  not  effective  orally,  it  is  being  microencapsulated 
for  protection  against  acid  hydrolysis  in  an  effort  to  achieve 
oral  effectiveness. 

Pharmacologic  studies  of  the  effects  of  atropine  on  the 
muscarinic  controls  of  the  cardi ovascul ar  system  required  a  prior 
extensive  literature  survey  of  the  physiology,  pharmacology  and 
chpmistry  of  atropine  and  its  effects.  The  completed  survey  has 
been  written  as  a  review  article  and  submitted  for  publication. 

559 


FUTURE  OBJECTIVES: 


Directed  synthesis  of  compounds  in  chemical  classes  with  known 
or  suspected  activity  as  protectants  against  chemical  agents  will 
continue.  New  synthetic  routes  will  be  developed  to  allow  greater 
recovery  of  compounds  or  preparation  of  novel  chemicals  of 
interest.  Laboratory  models  currently  in  use  or  under  development 
will  be  employed  in  testing  the  efficacy  of  candidate  compounds 
and  in  the  investigation  of  modes  of  activity.  Pharmacologic 
studies  of  effects  of  cholinergic  compounds  and  their  effects  on 
muscarinic  controls  are  to  commence  and  formulation  studies,  such 
as  microencapsulation  of  WR  2823,  will  continue  in  an  effort  to 
develop  orally  efficacious  prepara ti ons . 

PUBLICATIONS: 

1.  Lowensohn,  F.S.  Atropine's  Effects  Upon  the  Muscarine 
Controls:  The  Heart  and  Its  Systemic  Output.  Submitted  to’ 
Physiological  Reviews. 

2.  Tang,  L.C.,  Schoomaker,  E,,  and  W«>issman,  W.  Cholinergic 
Agonists  Stimulate  Calcium  Uptake  and  cGMP  Formation.  Submitted 
to  Biochem,  Biophys.  Acta. 

3.  Tang,  L.C.  A  Personal  and  Scientific  Biography  of  Dr. 
George  C.  Cotzias.  Accepted  hy  Neurotoxicology. 

PRESENTATIONS: 

1.  Tang,  L.C.  1982 .  Rrain  Enzyme  and  Tumor  Incidence.  13th 
International  Cancer  Congress. 

2.  Tang,  L.C.  1982.  Manganese  and  L-dopa.  First 
Internati onal  Neurotoxicity  Meetings  of  Selected  Chemicals. 
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23.  (U)  Methods  for  assessing  the  impact  of  chemical  defense-related  compounds  upon  behavior 
will  be  evaluated.  The  overall  objective  will  be  development  of  testing  protocols  with  maximum 
sensitivity  to  behavioral  effects  01  chemical  defense  agents  for  use  in  the  Army's  effort  to  develop 
and  field  better  antidotes  to  chem.^al  agent  exposure. 

24.  (U)  The  techniques  of  operant  and  respondent  conditioning  will  be  used  to  generate 
behavioral  baselines  which  will  be  sensitive  to  the  effects  of  chemical  defense-related 
compounds.  Dose-effect  and  time  course  functions  will  be  determined  in  rooents  ar.d  primates  on 
procedures  spanning  a  range  of  behavioral  functions.  Chronopharmacological  effects  will  be 
evaluated.  Methods  of  curve  fitting  and  time  series  analysis  will  be  used  to  evaluate  drug  effects. 

25.  (U)  82  10  -  83  09  Major  findings:  No  significant  interactions  were  found  between  the 

time  of  day  at  which  the  cholinergic  drugs  atropine,  atropine  methyl  nitrate,  or  physostigmine 
were  administered  and  their  effects  upon  learned  behavior  of  rats.  Atropine  was  shown  to  affect 
the  short-term  memory  of  mice,  but  not  long-term  memory.  This  effect  was  due  to  the  effects  of 
tne  drug  upon  the  central  nervous  system.  Effects  of  drugs  upon  a  monkey's  ability  to  learn  a 
sequence  of  responses  were  similarly  found  to  be  centrally  mediated.  Disturbances  in  time 
perception  and  disruptions  in  circadian  rhythm  patterns  were  found  in  rats  following  single 
injections  of  the  organophosphate  DFP,  providing  models  for  testing  efficacy  of  CW  therapeutic 
and  pretreatment  agents  against  long-term  psychiatric  sequelae  of  exposure  to  CW  agents.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Report,  1  Oct  82  -  30  Sep  83. 
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Work  Unit:  164  Behavioral  Toxicology 
Investigators: 

Principal:  Elsmore,  T.F.,  Ph.D. 

Associate:  Hcrsh,  MAT,  S.R.;  Raslear,  CPT,  T.G.; 

Leu,  CPT,  T.R. 

Objectives: 


The  overall  objective  of  this  work  unit  is  the  development  of  testing 
methods  to  evaluate  behavioral  effects  of  compounds  used  for 
pretreatement  or  therapy  of  chemical  warfare  agent  exposure.  This  work 
unit  will  evaluate  both  the  inherent  toxicity  of  these  compounds  and  their 
efficacy  in  preventing  possible  long-term  behavioral  and  neurological 
deficits  produced  by  these  agents. 

Progress: 

Tnere  nave  been  two  major  efforts  in  tms  area  in  the  past  year,  studies  on 
tne  behavioral  toxicology  of  atropine  and  other  cholinergic  compounds,  and 
studies  on  long-term  sequelae  of  organophoaphate  (OP)  poisoning. 

An  extensive  experiment  was  conducted  to  determine  whether  the 
behavioral  decrements  produced  by  'hese  compounds  depended  on  the  time 
of  day  when  they  are  administer?  j.  This  study  was  a  follow-up  of  an 
earlier  study  which  showed  that  the  toxicity  of  the  OP  soman  varied  with 
time  of  day.  Rats  were  trained  to  pre^s  a  lever  on  a  fixed-interval  60" 
schedule  to  earn  food  pellets.  The:-  food  sessions  were  conducted  every 
four  hours  around  the  clock.  W'hen  performance  had  stabilized  the  animals 
were  treated  with  either  saline,  atropine  sal  ate,  atropine  methyl  nitrate, 
or  physostigrnine  before  and  du.'i  g  the  sessions.  No  significant, 
interactions  were  seen  between  the  effects  of  the  drugs  and  the  time  of 
day  at  which  they  were  administered. 

A  major  goal  of  This  work  unit  is  the  development  of  rapid,  inexpensive 
assays  for  behavioral  toxicity.  Further,  it  is  desirable  that  these  assays 
•provide  some  information  regarding  the  specific  behavioral  functions 
affected.  To  these  ends,  mice  were  trained  to  find  food  in  a  six-arm  radial 
maze  in  which  only  three  of  the  arms  contained  food.  This  task  provides 
information  on  both  short-  and  long-term  memory  functions,  as  well  as  on 
locomotor  performance.  W'lth  this  procedure  it  was  demonstrated  that  both 
atropine  sulfate  and  atropine  methyl  nitrate  produced  increases  in  the  time 
to  complete  the  task.  Only  atropine  sulfate,  however,  resulted  in  any 
decrements  in  memory  function,  producing  significant  dose-related 
increases  in  short-term  memory  errors.  These  data  suggest  that  the 
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effects  of  atropine  on  locomotion  are  peripheral  in  nature,  but  that  the 
effects  on  memory  are  probably  effects  on  the  central  nervous  system. 

Another  goal  of  this  work  unit  is  the  demonstration  of  generality  of  results 
across  species.  This  goal  was  addressed  in  a  study  in  which  a  similar 
finding  to  the  one  with  mice,  described  above,  was  made  with  rhesus 
monkeys  who  were  trained  to  repeatedly  learn  new  sequences  of  behavior 
to  obtain  food.  In  this  procedure,  both  atropine  and  atropine  methyl  nitrate 
produced  decreases  in  the  rate  at  which  animals  solved  the  problems,  but 
only  atropine  sulfate  produced  decreases  in  overall  accuracy. 

We  have  previously  reported  that  the  CW  agent  soman  produces  brain 
lesions  in  rats  following  as  single  dose.  (IvU  221  ,DAOG67S3, 1-782  WRAIR  annual 
report  for  more  information).  In  addition,  there  are  numerous  reports  in 
the  literature  of  long-term  psychiatric  and  neurological  changes  in  humans 
following  accidental  exposure  to  OP  compounds.  Several  studies  are  being 
performed  in  rats  to  define  the  behavioral  deficits  that  may  be  expected 
following  organophosphate  poisoning,  and  to  determine  the  effects  of 
several  standard  therapeutic  drugs  in  preventing  these  long-term  effects. 

Long-term  effects  on  cognitive  functions  are  of  particular  interest.  Rats 
were  trained  to  distinguish  between  tones  of  different  durations.  They 
were  then  treated  with  various  doses  of  DFP,  an  organophosphate,  and 
retested.  High  doses  tend  to  compress  the  time  sense.  That  is,  the  rats 
Tend  to  judge  short  tones  longer  than  prior  to  treatment.  These  effects 
persisted  at  least  6  months  following  drug  administration. 

Chronobiological  methods  are  being  applied  to  this  problem.  Mammals 
normally  exhibit  changes  in  their  activity  patterns  across  tne  day.  It  was 
shown  in  several  studies  that  these  normal  patterns  are  disrupted  by  single 
doses  of  DFP  such  that  the  animals  show  more  than  the  usual  amount  of 
activity  during  the  light  portion  of  the  day-night  cycle  (their  normally 
inactive  period),  and  less  activity  than  normal  during  the  dark.  These 
effects  persist  for  at  least  30  days  following  drug  administration.  We  have 
tested  several  "therapeutic*'  drugs  for  prevention  of  these  long-term 
effects.  To  date,  atropine  sulfate,  2-PAM  chloride,  and  diazepam  have 
been  tested,  and  found  to  have  no  beneficial  effect. 

Future  objectives; 

Continue  chronobiological  studies  with  different  drugs  and  combinations, 
extend  sttidies  to  different  species,  including  squirrel  monkeys  and  rabbits, 
extend  studies  to  include  non-food  types  of  motivation,  examine  different 
"cognitive"  functions  in  both  primates  and  r on-primate  species,  and  extend 
findings  to  soman,  rather  than  DFP. 
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Publications 


Levy,  A.,  Kluge,  P.B.,  and  Elsmore,  T.F.  Radial  arm  maze  performance  of 
mice:  Acquisition  and  atropine  effects.  Behavioral  and  Neural  Biology, 
in  press. 

Raslear,  T.G.  and  Kaufman,  L.  Diisopropyl  Phosphorofluoridate  (DFP) 
disrupts  circadian  activity  patterns.  Neurobehavioral  Toxicology  and 
Teratology,  in  press. 
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Presentations 


Bachevalier,  3.,  Parkinson,  3.  K.,  Aggleton,  3.  P.,  and  Mishkin,  M.  Severe 
recognition  impairment  after  combined  but  not  separate  transection 
of  the  fornix  and  the  amygdaiofugal  pathways.  Society  for 
Neurosciences  November  1982.  (Abstract:  Society  for  Neurosciences 
Abstracts,  1982,  8,23.) 

Gill-Kumar,  P.  and  Campbell,  C.B.G.  Effects  of  baroreceptors  on  the 
respiratory  centre  complex.  FA5EB,  1983.  (Abstractt 
Federation  Proceedings,  1983,  42,  1233.) 

Hursh,  5.R.  Supply,  Demand,  and  Response  Rate.  Invited  paper  presented 
at  the  First  European  Meeting  on  the  Experimental  Analysis  of 
Behavior,  Liege,  Belgium,  1983. 

Hursh,  S.R.  Economics.  Invited  paper  prented  at  the  West  Virginia 
Conference  on  the  Future  Directions  in  the  Experimental  Analysis  of 
Behavior,  1983. 

Parkinson,  3.  K.  and  Mishkin,  M.  A  selective  mnemonic  role  for  the 
hippocampus  in  monkeys:  memory  for  the  location  of  objects.  Society 
for  Neurosciences  November,  1982.  (Abstract:  Society  for 
Neurosciences  Abstracts,  1982,  8,23.). 


Publications 

Campbell,  C.B.G.  Behaviorism  and  natural  selection  The  Behavioral  and 
Brain  Sciences,  in  press. 

Kaufman,  L.W.  and  Collier,  G.  Cost  and  meal  patterns  in  wild-caught  rats. 
Physiology  and  Behavior,  1983,  30,  443-449. 

Kaufman,  L.W.  and  Collier,  G.  Meal-taking  by  domestic  chicks  (GaJlus 
gallus).  Animal  Behavior,! 983,  31,  397-403. 

Hursh,  S.R.  Maximization  and  reinforcement  theory  compared.  Tne 
Behavioral  and  Brain  Sciences,  1983,  6,  324-326. 

Hursh,  S.R.  and  Bauman,  R.A.  The  behavioral  analysis  of  demand.  In 
Advances  in  Behavioral  Economics,  Vol.  I.,  Eds:  Howard  Rachlin  and 
Leonard  Green,  Norwood,  N.j\, Ablex  Publishing  Corporation,  in 
press. 

Parkinson,  3.K.  and  Medin,  D.L.  Emerging  attributes  in  monkey  short  term 
memory.  Journal  of  Experimental  Psychology:  Animal  Behavior 
Processes,  1983,  9,  31-40. 
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Raslear,  T.G.  A  test  of  the  Pfanzagel  bisection  model  in  rats.  Journal  of 
Experimental  Psychology:  Animal  Behavior  Processes,  1983,  9,  99-62. 

Raslear,  T.G.,  PierreJ-Sorrentino,  R.,  and  Rudnick,  F.  Loudness  scaling  and 
masking  in  rats.  Behavioral  Neuroscience,  1983,  97,  392-398. 

Raslear,  R.G.  and  Keck,  L.  Comment  on  Foster  and  White’s  "Ethnic  Identity 
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Organization,  1983,  92,  91-92. 
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J.  (u;  The  objective  is  to  develop  liposomes  as  carriers  of  drugs  and  agents  for 
rotection  against  radiation  effects  involves  cells  of  the  reticuloendothelial  system, 
acrophages  are  key  cells  that  may  play  a  pivotal  role  in  protection  against  radiation, 
he  objective  will  be  to  determine  the  effectiveness  of  liposomes  for  delivery  both  of 
omentional  antiradiation  drugs  and  also  of  agents  that  stimulate  macrophages  to  produce 
ncreased  hematopoietic  activity.  There  is  military  relevance  in  this  research. 

4.  (U)  The  approach  will  be  to  use  inbred  mice  that  have  been  lethally  or  sublethally 
rradiated  as  a  model  to  determine  the  effectiveness  1 i posome-encapsulated  drugs, 
ffectiveness  will  be  Judged  both  by  increased  survival  of  the  animals  and  by  increased 
emacopoietic  activity  in  the  spleen.  A  standard  test  of  hematopoietic  activity  that  was 
riginally  developed  at  WRAIR  and  is  now  widely  used  is  the  appearance  of  nodules  that 
signify  hematopoietic  activity  In  the  spleen.  These  nodules  presumably  are  Induced  by 
the  secretion  of  colony  stimulating  factor  by  macrophages.  25.  (U)  82  10  -  83  09 

This  work  unit  has  been  in  operation  for  one  year.  During  this  time  specialized 
facilities  for  working  with  appropriate  mouse  models  has  been  developed.  Because  of  the 
Inadequate  animal  facilities  available  at  WRAIR  for  this  specialized  work,  special  cages 
/ere  set  up  in  a  clean  laboratory,  and  the  dose-response  oarameters  for  radiation 
Lethality  and  for  determining  hematopoietic  activity  were  established.  The  system  for 
measuring  hematopoietic  activity  in  the  spleen  was  standardized.  For  technical  report 
ice  WRAIR  Annual  Progress  Report  1  Oct  82  -  30  Sppt  83. 
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Assistant : 

DESCRIPTION: 


166  Antiradiation  Drug  Development 

Carl  R.  Alving ,  M.D.,  COL,  MC 
:  Nabila  M.  Nassef,  Ph.D.,  DAC;  Earl  C.  Richardson,  DAC 

PFC  Denton  Hargis 


The  approach  will  be  to  use  inbredmice  that  have  been  lethally  or 
sublethally  irradiated  as  a  model  to  determine  the  effectiveness  liposome- 
encapsulated  drugs.  Effectiveness  will  be  judged  both  by  increased 
survival  of  the  animals  and  by  increased  hematogpoietic  activity  in  the 
spleen.  A  standard  test  of  hematopoietic  activity  that  was  originally 
developed  at  WRAIR  is  is  now  widely  used  is  the  appearance  of  nodules  that 
signify  hematopoiet ic  activity  in  the  spleen.  These  nodules  presumably 
are  induced  by  the  secretion  of  colony  stimulating  factor  by  macrophages. 
One  agent  that  is  known  to  be  one  of  the  most  effective  stimulators  of 
hematopoietic  activity  (lipid  A  from  endoto: in)  was  tested  in  both  alone 
and  In  liposomes.  Using  this  substance  enh_.iced  hematopoietic  activity 
was  demonstrated  with  liposomes.  In  addition  the  liposomes  alone  had  some 
enhanced  hematopoietic  activity,  and  the  possibility  that  this  was  due  to 
endotoxin  contamination  is  being  invest igated. 
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3(U)  To  develop  methods  for  reliably  and  quickly  establishing  a  diagnosis  of  newe 
gent  intoxication.  Determine  effective  means  of  monitoring  nerve  agent  casualties  and  ] 
ssessing  clinical  progress.  Establish  a  profile  of  clinical  chemical  changes  which 
ill  serve  as  a  reference  for  expedient  medical  diagnosis,  treatment,  and  dlsposltlor  -<fj 
erve  agent  casualties  in  the  field.  Correlate  clinical  chemical  changes  with  struv 
ural  changes  In  experimental  animal  models  of  nerve  agent  intoxication.  Investip/.e 
elationships  between  clinical,  chemical,  and  biochemical  changes  In  serum  and  refebro- 
pinal  fluid  in  various  experimental  models  of  nerve  agent  intoxication. 


4(U)  Serum  and  cerebrospinal  fluid  of  carnivores,  rodents,  and  nonhuman  primates  will 
e  examined  following  nerve  agent  exposure  to  determine  whether  there  are  characteristic 
hanges  in  the  enzyme  (acetylcholinesterase,  CPK,  LDH,  SCOT,  and  others  as  i.-uicated) 
ontent.  Additionally  these  fluids  will  be  tested  for  presence  of  central  nervous 
ystem-specific  proteins  which  may  be  released  following  damage  to  the  S«*jin  or  spinal 
ord.  The  central  nervous  system  will  be  evaluated  using  standard  n*vropatho1ogical 
ethods.  The  results  of  these  enzymatic,  biochemical  and  structural  studies  will  be 
orrelated  temporally  with  clinical,  survival  and  dose  data  to  establish  correlative 
rofiles  of  nerve  agent  -  induced  damage  to  the  central  ner-.ous  system. 

82  10  -  83  09 

5(U)  A  highly  reliable  model  for  intoxication  of  awale  cats  by  slow  intravenous 
idministration  of  Soman  was  developed.  In  these  intoxicated  cats,  classical  signs  of 
icute  organophosphate  intoxication  were  produced.  The  LD50  for  Soman  in  this  model ,  was, 
n  the  range  of  11-15  ug/kg.  Significant  changes  in  electrolyte,  enzyme  and  biochemical 
values  were  observed  in  intoxicated  cats.  For  technical  report  see  the  Walter  Reed 

Annual-Progress.  R£Dort..„'LQdL.a2  - 
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Work  Unit  167  Diagnosis  and  Monitoring  of  Nerve  Agent  Intoxication 
by  Clinical  Chemistry- 

Investigators: 

Principal:  Gary  L.  Andersen,  MAJ,  VC 

Associate:  James  B.  Moe,  LTC,  VC;  Isaac  J.  Hayward,  CPT,  VC; 

C.  Fred  Tyner,  COL,  MC 

Description: 

Technical  methods  for  quickly  and  reliably  establishing  diag¬ 
nosis  of  nerve  agent  intoxication  are  developed  and  investigated. 

Efforts  are  aimed  at  deriving  effective  means  of  monitoring  nerve 
agent  casualties  ar.d  assessing  clinical  progress  in  these  .  :$ual- 
ties.  Experimentally  exposed  animals  are  studied  in  an  attempt 
to  establish  a  profile  of  clinical  chemical  changes  which  might 
serve  as  a  reference  for  expedient  medical  diagnosis,  treatment, 
and  disposition  of  human  nerve  agent  casualties  in  the  field. 

Structural  changes  in  tissues  of  experimentally  exposed  animals 
are  correlated  with  clinical  chemical  changes  in  blood  and  cerebro¬ 
spinal  fluid.  Studies  are  designed  to  determine  and  define  acute 
toxicological  parameters  of  nerve  agent  poisoning,  as  well  as  de¬ 
layed  neuropathological  effects  in  survivors  of  acute  intoxication. 

Progress : 

The  initial  investigation  in  this  project  was  conducted  during 
FY  83,  using  exposure  facilities  at  the  US  Army  Medical  Research 
Institute  of  Chemical  Defense,  (USAMRICD),  with  collaborative  assistance  from 
the  staff  of  USAMRICD.  This  was  the  first  experience  of  this  group 
of  investigators  with  intoxication  with  Soman  by  slow  intravenous 
infusion  in  awake  cats.  Briefly,  cats  were  physically  restrained, 
a  catheter  placed  through  the  skin  into  one  of  the  femoral  veins. 

Following  collection  of  baseline  blood  samples,  cats  were  placed  in 
a  restraint  stand  ano  infused  with  a  dilute  Soman  solution  at  a 
rate  of  1  ug  Soman/kg  body  wgt/minute  until  clinical  signs  of  in¬ 
toxication  developed  or  until  a  calculated  1059  (15ug/kg  body  wgt) 
was  infused;  the  infusion  was  stopped  when  either  of  the  endpoints 
was  reached.  The  cats  were  then  removed  from  the  restraint  stand 
and  placed  in  a  cage  for  observation.  All  21  of  the  cats  which  were 
intoxicated  with  Soman  under  this  regimen  developed  classical  signs 
of  acute  organophosphate  toxicity  within  10  minutes  of  termination  of 
the  infusion.  These  signs  either  developed  during  the  later  stages 
of  infusion  or  upon  removal  from  the  restraint  stand  and  placement 
in  a  holding  cage.  Typically,  there  was  licking,  nystagmus,  and 
muscle  fasciculation  followed  by  tremors,  salivation,  chewing,  loss 
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of  equilibrium,  and,  finally,  seizures.  None  of  the  cats  were 
treated  with  specific  antedotes  for  organophosphate  toxicity,  but 
were  closely  observed  and  supported  with  nursing  care  and  parenteral 
fluids  as  judged  clinically  prudent.  Nine  of  the  cats  died,  or  were 
euthanized  when  judged  to  be  moribund,  within  48  hours  of  intoxica¬ 
tion.  One  additional  animal  died,  after  an  apparent  complete  re¬ 
covery,  on  postintoxication  day  4;  therefore,  the  dosage  regimen 
used  resulted  in  a  mortality  rate  of  48  per  cent.  Recovery  to  a 
relatively  normal  state  occurred  in  as  little  as  6  hours  in  some 
cats,  while  others  were  ir.coordinated  or  depressed  as  long  as  48 
hours  after  intoxication.  Parenteral  fluids  containing  5%  dextrose 
appeared  to  result  in  improved  general  strength  and  survival  in 
comatose  and  recumbant  ca's.  Recovery  was  complete  in  10  of  the 
animals  which  survived  the  first  4  days  and  one  otherwise  normal 
survivor  was  permanently  blind.  The  dose  range  to  achieve  these 
effects  was  quite  narrow,  varying  from  11-15  ug/kg  body  weight. 
Survivors  were  selected  for  euthansia  at  roughly  weekly  intervals 
for  up  to  7  weeks  after  intoxication.  Prior  to  euthanasia,  cerebro¬ 
spinal  fluid  and  blood  samples  were  collected  for  enzymatic,  chemical 
and  hematologic  examination. 

In  blood  samples  collected  at  30  minutes  after  termination  of 
intoxication,  significant  increases  were  seen  in  the  following,  para¬ 
meters:  glucose,  SGOT,  SGPT,  LDH,  CPK,  K+;  and  a  significant  de¬ 
crease  in  acetylcholinesterase  (ACHE).  Values  for  these  parameters 
in  cerebrospinal  fluid  generally  paralleled  those  in  blood,  however, 
technical  problems  in  collection  diminished  the  quantity  and  quality 
of  cerebrospinal  fluid  specimens  and  raised  questions  about  in¬ 
dividual  results.  In  animals  which  were  sampled  in  a  moribund  state 
within  48  hours  of  intoxication,  most  of  the  above  mentioned  changes 
were  still  evident  except  for  ACHE  which  was  still  decreased,  but 
higher  than  the  30  minute  samples,  suggesting  a  gradual  return  to 
normal  values.  At  9  days  after  intoxication  SGOT  and  CPK  were 
elevated  in  both  cats  examined,  glucose  increased  in  one  cat  and  K+ 
was  increased  in  the  other.  At  14  days,  and  at  subsequent  intervals, 
all  serum  parameters  were  essentially  normal.  In  one  cat  there  was 
a  markedly  elevated  CPK  in  the  cerebrospinal  fluid  on  day  14.  Patho¬ 
logically,  the  CNS  lesions  identified  were  suggestive  of  a  hypoxic 
pathogenesis,  whereas  subtle  lesions  in  the  peripheral  nervous 
system  of  cats  examined  30  or  more  days  postexposure  suggested  a 
direct  toxic  effect  of  Soman.  The  findings  from  this  original  ex¬ 
periment  indicate  that  there  were  significant  chemical  and  enzymatic 
changes  in  blood  and  cerebrospinal  fluid  following  experimental  Soman 
intoxication  of  the  awake  cat.  Furthermore,  these  results  suggest 
that  this  model  is  a  highly  reliable,  reproducible  one  for  the  study 
of  organophosphate  toxicity  in  mammals.  With  these  results  in  hand, 
it  is  evident  that  there  are  two  aspects  which  require  more  complete 
investigation:  1)  the  sequence  and  amplitude  of  biochemical  and 
enzymatic  changes  in  blood  and  cerebrospinal  fluid  during  the  first 


48  hours  of  Intoxication;  and  2)  the  question  of  whether  a  periph¬ 
eral  neurophathy  develops  following  a  single,  acute,  Intoxication 
with  Soman.  Additionally,  with  improved  collection  techniques  it 
will  be  possible  to  improve  the  quality  of  cerebrospinal  fluid 
samples  and  determine  whether  there  is  a  pattern  of  biochemical 
and  enzymatic  changes  in  this  medium,  separate  from  those  seen  in 
serum.  The  issue  of  a  more  effective  diagnostic  and  therapeutic 
regimen  will  be  more  easily  addressed  following  resolution  of 
these  points. 
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foreign  Intelligence  Considered 

(U)  Microwave  Hazards;  (U)  Bioeffects;  (U)  Dosimetry; 
(U)  Biophysics;  (U)  Military  Medicine;  (U)  Psychology 
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23.  (U)  To  provide  technical  and  medical  information  to  the  Surgeon  General,  system 
developers  and  agencies  responsible  for  safety  standards  in  order  to  protect  the  nealtn 
and  effectiveness  of  military  units  and  affected  civilian  populations  in  microwave  and 
RF  environments.  This  requires  analysis  of  the  biophysics  and  bioeffects  aztributaole 
;o  non-ionizino  radiation  under  laboratory  conditions  wnich  reasonably  simulate  and/or 
predict  operational  exposures. 

24.  (U)  To  perform  basic  and  applied  research  on  the  problem  of  microwave  and  RF 
interactions  with  biosysfems  at  all  levels  of  analysis  from  the  cellular  and  molecular 
to  metazoan  physiology,  pathophysiology  and  behavior.  This  requires  development  of 
neasurement  systems  for  dosimetric  analysis,  in  vitro  and  in  situ;  tne  evaluation  of 
frequency,  power  level,  polarization  and  modulation  as  important  parameters  of  the 
radiation;  and  the  use  of  low  level  energy  to  assess  the  functional  state  of  cells  and 
:i ssues . 

15.  (U)  02  10  -  83  09  The  previous  findings  of  increased  ocular  lens  pathology  in 

/itro  with  pulsed  exposures  as  conoared  to  continuous  wave  exposures  of  equal  average 
»wer  have  been  confirmed  &  extended.  Furthermore,  a  distinctive  energy-per-pulse 
lependancs  was  shown  in  the  damage  threshold  for  pulse-modulated  exposures.  The 
iosimetric  studies  have  continued  with  completion  of  a  new  three  dimensional  scanner 
ind  image  display/processing  systems.  A  new  program  for  correction  of  refractive 
rrrors  in  dosimetric  images  lias  begun  to  compare  ray  based  (linear  as  well  as  non 
.inear)  &  diffraction  methods.  For  technical  report  see  Valter  Reed  Army  Institute  of 
esearch  Annual  Progress  Report  1  Oct  82  -  30  Sept  83. 
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Project  3E162777A878  HEALTH  HAZA  R  DS  OF  MILITARY  MATERIAL 


Work  Unit  041:  Biological  Interactions  With  and  Hazards  of  Micro- 

wave  Radiation 

Investigators. 

Principal:  LTC(P)  Lawrence  E.  Larsen,  MD 

Associate:  John  H.  Jacobi,  M.S.;  Fdward  L.  Hunt,  B.A.; 

Peter  V.K.  drown,  M.S.;  Charles  N.  Rafferty,  Ph.D. 

introduction 

The  major  features  of  the  microwave  program  in  the  subject  fiscal  year 
have  been  the  continuation  of  building  problems  at  the  Forest  Glen 
Microwave  Exposure  Facility  and  the  continuation  of  engineering  staff 
attriti  n.  The  latter  has  reached  crisis  proportions  inasmuch  as  no 
engineering  staff  remains.  In  the  last  four  years,  three  engineers  have  left 
the  department  for  higher  paying  positions  in  industry.  The  most  recent 
departure  among  these  was  the  most  significant. 

The  facility  problems  at  Forest  Glen  represent  a  continuation  of  a  MCA 
begun  in  1977  which  Is  still  not  complete.  The  major  deficiencies  with 
respect  to  the  MCA  are  failure  of  environmental  control  in  the  four 
microwave  exposure  chambers.  Additional  facility  problems  fall  into  the 
domain  of  the  post  Engineer.  These  consist  of  architectural,  mechanical, 
and  electrical  deficiencies  which  have  been  the  subject  of  work  and 
discussion  since  the  time  of  beneficial  occupancy  in  1979.  They  lemain 
unresolved  in  spite  of  attempts  to  have  the  deficiencies  corrected  by  the 
DFEA.  A  decision  was  made  that  the  scope  of  work  exceeded  the  capacity 
of  DFEA  resources.  This  led  to  the  formulation  of  a  plan  for  contract 
maintenance.  In  spite  of  a  germinal  period  of  nearly  two  years,  that  plan 
has  yet  to  be  Implemented.  Lastly,  the  eight  animal  modules  at  Forest 
Glen  remain  inoperative.  This  has  been  the  *ase  since  1980/1981.  The  plan 
administered  by  DFEA  to  correct  the  installation  errors  and  to  provide 
subsequently  a  maintenance  contract  hdS  not  been  implemented  in  spite  of 
the  fact  that  funds  were  made  available  from  our  budget  in  early  1982. 

Dos.m  etry 

The  major  areas  of  progress  in  this  program  element  consist  of  the  further 
development  of  DART  (Dosimetric  Analysis  by  Radio-frequency 
Tomography)  data  acquisition  system,  and  numerical  analysis  of  ray  based 
as  well  ts  diffraction  based  methods  for  recovery  of  resolution  in  the 
direction  of  propagation.  The  objective  is  to  provide  a  map  of  the  spatial 
variations  in  microwave  energy  dissipation  and  energy  storage  in  specific 
target  organs  as  functions  of  frequency  and  polarization. 


The  DART  data  acquisition  tystem  now  Include*  a  teanner  with  three  linear 
axe*  and  one  rotary  axis.  The  petition  encoder*  and  tervomotor  drive*  a* 
well  a*  their  retpectlve  digital  Interface*  have  been  completed.  In 
addition,  the  microwave  network  analyzer  hat  been  modified  to 
accommodate  a  fatter  pr ocenor /controller  and  the  microwave  prog: am 
library  hat  been  modified  to  take  advantage  of  the  new 
procettor /controller. 

The  numerical  analy*!*  program  hat  demonitratsd  the  untultablll  ty  of  ray 
bated  tomographic  method*  due  to  an  inability  to  accomplish  ray  linkage  In 
media  where  the  relative  dielectric  constant  varlet  by  more  than  a  very 
few  percent.  The  diffraction  bated  methodi  have  been  selected  for  further 
development.  The  mafor  difficulties  remaining  vc  related  to  the 
numerical  accuracy  of  the  retult*  t;;der  the  normal  >ttumptlon  that  the 
target  It  weakly  tcatterlng.  The  limitation*  of  the  Irst  Born  and  flrtt 
Rytov  approximation*  were  Investigated.  It  was  found  that  the  Rytov  cate 
was  oily  slightly  better  than  'he  Born  cate  {contrary  to  what  on*  might  be 
led  to  expect  from  the  llte'ature);  and  that  higher  order  approxl  m  atlont  are 
neeeitary.  The  condition  of  multiple  scattering  wat  alto  ttudied. 

Pulte  Power 

The  objective  In  thlt  technical  area  I*  to  Inveitlgata  f limitation*  of  tha 
pretent  tafety  ttandard  wherein  pulte  modulation  Is  ignored.  The  major 
activities  In  thlt  program  area  were  continuation  of  tho  ttudlet  of  ocular 
lent  In  vitro  and  the  development  of  a  high  peak  power  exposure  lyttam  for 
use  with  In  situ  preparations.  Portions  of  the  millimeter  wav#  Annual 
Report  are  pertinent  to  this  work  area,  and  the  reader  It  referred  to 
DAOC  6755,  Project  3M161102SS 10,  Work  Unit  214, 

The  ocular  lent  ttudlet  have  expanded  and  confirmed  the  earlier  finding! 
that  pulte  modulated  microwave  power  with  appropriate  selection  of  put** 
parameter*  doet  produce  hit  loo  a  t  ho  lo  gy  with  qualitative  and  quanltatlv* 
distinctions  from  continuous  wav*  (C  W)  exposure  of  the  same  average 
power.  Recent  work  has  expanded  these  findings  to  biochemical  endpoints, 
but  data  analysis  Is  net  yet  complete  enough  to  pretent  any  conc'utlon. 

The  high  peak  power  transmitter  has  a  detlgn  goal  of  5,500  kilowatts  of  RF 
power  output  over  a  pul'.e  wldlh  range  from  1  to  100  it  lc r os e c ends.  The 
major  problem  It  rhe  design  and  construction  of  a  hard  tube  modulator  to 
switch  tne  required  4  million  watt  video  suiset  needed  to  accomplish  this 
goal.  Progress  In  this  area  has  been  slon  due  to  a  series  of  high  voltage 
failure*  which  have  destroyed  substantial  portions  ef  the  equipment, 
thereby  Introducing  serious  procurement  delay*.  In  addition,  the 
aforementioned  staff  shortages  have  delayed  progress.  Nevertheless, 
subsivntlal  progress  has  been  made.  We  have  successfully  operated  the 
redesigned  modulator  (the  Mark  III  version)  to  switch  two  million  watt 
video  pulses  over  the  required  range  of  puls*  width*  and  duty  factors.  RF 


tatting  Ha<  not  yat  taken  ptaca  with  tha  Mark  III  modulator,  but  tatting 
aarllar  i  thli  fltcal  yaar  with  tha  Mark  II  datlgn  producad  ca  ISO  kilowatt! 
of  RF  pwar  with  pultet  up  to  IS  mlcrotecondt  in  langth  undar  tarioutly 
ra  due  ad  video  pulta  (ca.  0.4  magawattt)  conditions  Th!»  rapratanti  tha 
hlghatt  rallably  obtainad  RF  powar  output  yat  producad  by  tha 
trantm  tter.  Othar  atpacti  of  tha  axpotura  tyttam  ara  complatad  at 
datailoc  in  prevfout  raport*. 

Behavhr 

This  piogram  araa  It  anantlally  Indolant.  Much  of  tha  raaton  ft  tha 
aforem tntlonad  facility  problamt  at  Forett  Gian  which  ha*a  danlad  tha 
progrr  n  a..y  fraa  f  la  Id  axpotura  facility  for  tla  yaart. 

Oiala  trie  R  alaxatlon 

Tha  tf  a  for  araat  of  progratt  In  thit  program  alamant  ha  ra  boon  tha 
aatant  on  and  confirmation  of  continuing  work  with  maaturamantt  of 
compin  permittivity  in  tltu;  and  tha  exploration  o.  phytiologlc  Influancat 
upon  .omplex  permittivity.  Tha  former  ttudlat  have  damonttratad  that 
comp  tx  permittivity  in  tltu  dlffert  from  tabled  valuet  (often  derived  from 
autopty  tpaciment)  by  at  much  at  25%.  It  hat  alto  damonttratad  that 
raglor  \l  blood  flow  altaratlont  undar  normal  phytiologlc  condition!  may 
alto  c’langa  tha  complex  permittivity  In  tha  radar  S  band  by  10  to  20%. 
Theta  factort  alto  apply  to  regional  variation!  within  vartooi  target  organ! 
(a.g.  I  ain  and  kidney). 

Thli  jrogram  hat  alto  explored  method!  for  tha  determination  of  bound 
water  content  from  dltpertlon  m eature m anti  in  tha  radar  S  band.  The 
bound  water  ttudlat  ara  nearly  flnlthed  with  reaped  to  data  acgultltion, 
but  data  analytlt  It  not  far  enough  along  to  allow  pratantatlon  of 
conclutiont  at  thlt  time. 
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23.  (0)  To  define  the  physiologic  effects  of  blast  overpressure  (BOP)  exposure  upon 
the  human.  To  develop  a  laboratory  model  of  blast  injury.  To  asslat  In  special 
studies  of  weapon  specific  BOP  at  the  direction  of  BQ,  USAhXDC. 

24.  (U)  High  velocity  water  Jet  of  discrete  lepulae  will  model  blast  effects  on  large 
anlmala.  Assays  of  lung  water  and  parenchymal  function  will  be  used  to  assess 
injury.  Pathologic  comparison  of  water  Jet  and  blast-injured  specimen  will  be  made. 
Chronic  effects  of  repeated  BOP  exposure  will  be  assessed  in  man  and  animals. 
Pathophysiologic  events  of  bleat  injury  will  be  monitored  by  implantable  transducers. 

?10  83-00  Ten  human  volunteers  were  exposed  to  artillery  blast  waveforms  in  order  to 
determine  the  effects  of  clothing  ensemble  on  intrathorscic  pressure  (ITP).  The  Kevlar^ 
vest  raised  ITP  aa  compared  to  faclques  alone.  Performed  initial  validation  study  of 
water  Jet  lmpaetor,  designed  additional  teat  equipment  needed  for  water  Jet  validation 
studies.  Showed  no  effect  of  lung  volume  on  injury  potential  at  high  level  of  blast. 
Developed  capability  for  chronic  measurement  of  transthoracic  electrical  impedance 
(TTI)  in  sheep  using  subcutaneous  electrodes.  Field  study  showed  TTI  to  be  insensitive^ 
to  relatively  large  changes  In  lung  weight  caused  by  blast.  Developed  capability  for 
chronic  lung  lymph  cannulatlon  in  sheep  snd  conducted  field  study  of  lung  lymph  flow  at^ 
“threshold"  of  lung  Injury  for  single  blast.  Contractor  developed  a  cha»h*r  for 
impulsive  loading  of  gastrointestinal  tract  which  will  be  used  to  Investigate 
correlates  of  bowel  injury.  For  technical  report  see  Walter  Reed  Army  Institut-  of 
Research  Annual  Report,  1  Oct  82  -  30  Sep  8.3. 
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Project  3E162777A878  HEALTH  HAZARDS  OF  MILITARY  MATERIAL 

Work  Unit  042:  Non-auditory  Effects  of  Blast  Overpressure 
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Problem  Statement  and  Objectives 

Certain  Army  weapon  systems  currently  in  use  and  others  still  in 
development  produce  levels  of  blast  overpressure  which  exceed  the  limits 
defined  in  MIL  STD  1474a.  The  research  objective  of  the  Department  of 
Respiratory  Research  Is  to  define  the  risk  of  non-auditory  injury  to 
crewmembers  from  the  blast  overpressure  produced  by  these  weapon  systems. 
Toward  this  end  experiments  are  conducted  to  obtain  various  types  of 
physiological  arid  biophysical  data  which  can  be  related  to  injury  to  the 
larynx,  trachea,  lungs  or  gastrointestinal  tract.  The  overall  goal  of  the 
WRAIR  program  is  the  development  of  general lzable  criteria  for  the  assessment 
of  the  health  hazard  of  impulse  noise  and  complex  wave  environments. 


Progress  and  Accomplishments  in  FY  83 

a.  A  field  study  was  conducted  at  the  Lovelace  Research  Facility  In 
Albuquerque,  MM,  to  assess  the  utility  of  using  t  .'ansthoracic  electrical 
impedance  (TTI)  as  a  means  of  detecting  low  level  lung  injury  in  sheep  caused 
by  blast  overpressure.  Results  indicated  that  although  there  was  a  small 
transient  decrease  in  TTI  within  30  seconds  of  blast  exposure,  there  was  no 
direct  quantifiable  relationship  related  to  lung  injury.  Therefore,  the  TTI 
technique  was  not  found  suitable  for  detection  of  low  level  blast  injury  to 
the  lung. 

b.  Mechanical  tests  of  a  water  jet  impactor  intended  to  be  a  laboratory 
simulator  of  air  blast  Indicated  that  significant  valve  timing  errors  are 
responsible  for  Its  unsatisfactory  performance.  Corrective  measures  are 
currently  being  taken. 

c.  In  order  to  assess  human  risk  of  non  auditory  injury  from  repeated 
exposure  to  blast  from  the  British  I-Slnsn  mortar,  an  animal  study  was 
conducted  using  a  mortar  blast  simulator.  There  was  no  evidence  of  injury  to 
the  larynx,  lungs  or  gastrointestinal  tract  of  36  sheep  exposed  to  300 
consecutive  mortar  blast  waves  of  the  worst  case  blast  exposure  condition. 
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d.  The  second  phsse  of  human  exposures  Co  artillery-level  blast  waves  was 
conducted  at  the  Lovelace  testing  facility  in  Albuquerque,  NM  to  assess  the 
effect  of  body  clothing  ensemble  on  lntrathoracic  pressure.  It  was  previously 
found  chat  orientation  and  arm  position  did  not  significantly  affect 
lntrathoracic  pressure  during  exposure  to  blast  waves  with  peak  pressures  of 
up  to  3  psi.  Some  uniform  ensembles .however ,  affected  lntrathoracic 
pressures.  Significantly  higher  lntrathoracic  pressures  resulted  when  the  men 
wore  KEVLAR  vests  than  when  they  were  exposed  to  a  3  pel  blast  in  fatigues 
alone.  This  increase  is  not  felt  to  represent  a  greater  risk  of  nonauditory 
injury  at  these  low  blast  levels. 

e.  Studies  designed  to  assess  the  magnitude  and  consequences  of 
epithelial  tissue  damage  to  the  larynx  caused  by  repeated  exposure  to  low 
level  blast  have  been  inltated  using  rats  as  subjects. 

f.  An  experiment  conducted  with  sheep  failed  to  demonstrate  an  effect  of 
lung  volume  (maximum  inflation  to  maximum  deflation)  on  the  severity  of  lung 
hemorrhage  produced  at  a  relatively  high  level  of  blast  exposure. 

g.  We  have  succeeded  in  adapting  the  acute  and  chronic  lung  lymph  fistula 
techniques  in  our  laboratory  for  assessment  of  lung  solute  and  water  exchange 
as  an  Indicator  of  pulmonary  mlcrovaacular  function. 

h.  A  field  study  was  conducted  at  the  Lovelace  research  facility  in 
Albuquerque,  NM,  utilizing  the  above  mentioned  chronic  lung  lymph  preparation 
in  sheep  to  assess  the  effect  of  a  single  blast  exposure  at  the  threshold  for 
grossly  detectable  lung  Injury  on  pulmonary  capillary  permeability.  Results 
are  currently  being  analyzed. 

1.  A  member  of  our  research  group  completed  a  tour  of  several  European 
blast  research  facilities  (at  Meppen.  Germany,  Porton  Down,  England,  and  Saint 
Louis,  Prance).  The  principle  finding  was  that  previous  reports  of  pulmonary 
injury  to  pigs  exposed  to  BOP  crew  position  of  the  German  Carl  Gustav  84mm 
recoilless  rifle  must  be  viewed  with  skepticism  due  to  questionable  design  and 
euthanasia  methodology. 

j.  Complex  blast  wave  exposure  experiments  of  large  animals  were 
Initiated.  This  work  will  define  the  risk  of  non-audltory  injury  from  complex 
wave  exposure  such  as  that  encountered  in  enclosures  or  armored  vehicles. 
Preliminary  work  supports  resonance  effects  and  the  vulnerability  of  organs 
ocher  than  the  lung. 

k.  The  Blast  Overpressure  Group  it  VRAIR  hosted  the  fourth  annual  meeting 
of  RSG-6  (NATO  Panel  VIII,  Effects  of  Impulse  Noise)  in  May  1983  and  presented 
data  from  human  volunteer  studies  and  lung  inflation  data.  WRAIR  was  tasked 
with  drafting  a  group  position  on  the  non-auditory  effects  of  impulse  noise. 

l.  A  four  month  contract  for  a  scoping  study  of  the  correlation  between 
gastrointestinal  injury  and  blast  loading  was  completed  by  the  JAYCOR 
Corporation,  San  Diego,  CA  in  the  third  quarter  of  FY83.  The  following 
contract  milestones  were  achieved: 

1.  The  JAYCOR  Fluid  Dynamics  Laboratory  was  awarded  a  certificate 
from  the  Animal  and  Plant  Health  Inspection  Service  of  the  Department  of 
Agriculture  as  a  qualified  animal  study  teat  facility. 
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2.  JAYCOR  designed  and  fabricated  an  8-inch  diameter  horizontal 
impaction,  top-observation  window  cast  chamber  designed  to  accomodate  an 
entire  GI  tract  of  a  rabbit.  This  will  allow  high  speed  photography  of 
pressure  wave/GI  tract  interactions.  General  experimental  animal  preparation 
and  design  procedures  were  established.  Three  general  types  of  GI  bowel 
injury  were  identified  from  blast  loading  in  the  JAYCOR  chamber:  contusion, 
mucosal  bleeding,  and  wall  rupture. 

3.  Key  parameters  which  appear  to  directly  affect  the  injury 
threshold  in  the  gastrointestinal  tract  include  the  presence  of  air  bubbles, 
bubble  size,  material  properties  of  each  major  section  of  bowel  (i.e.  Jejunum 
vs «  colon),  internal  pressure  of  the  individual  GI  sections  (as  relating  to 
volume),  method  of  impact  loading,  and  repetition  rate  of  impact  loading. 

Recommendations  and  Objectives  FY  84 

1.  It  is  essential  to  the  overall  program  that  an  empiric  damage  risk 
criteria  be  developed  for  Friedlander  waves.  This  would  be  a  generic  tool  for 
non-auditory  risk  assessment  of  weapons  which  generate  Friedlander  waves,  thus 
assisting  in  the  assessment  of  the  health  hazards  of  existing  and  future  blast 
overpressure  environments.  Previous  work  has  shown  that  with  Friedlander 
waves  of  relatively  short  duration  that  the  number  of  exposures,  peak  pressure 
of  the  waves,  and  A-impuiae  interact  to  determine  damage  to  different  organs 
by  systems.  We  have  also  observed  that  laryngeal  injury  always  accompanies  or 
precedes  injuries  of  other  organs,  specifically,  the  gastrointestinal  tract  or 
lungs.  Therefore,  the  absence  of  laryngeal  injury  is  a  reliable  indicator  of 
the  absence  of  other  non-auditory  damage.  We  intend  to  develop  in  our 
laboratory  fiberoptic  laryngoscopy  techniques  in  sheep  in  order  to  detect 
subclinical  evidence  of  blast  Induced  injury.  It  is  important  that  this 
generic  damage-risk  criteria  be  developed  in  conjunction  with  other  members  of 
Research  Study  Group  6. 

2.  Further  work  with  the  double-peak  study  is  planned.  This  is  the  simplest 
of  all  complex  wave  circumstances  in  which  two  Friedlander  waves  cf  equal 
strength  impinge  uoon  a  target  with  the  only  variable  being  the  time  between 
the  peaks. 

3.  Work  contributing  to  the  sheep  and  human  model  effort  will  assume  a  more 
important  role.  Measurement  of  chest-wall  motion  will  be  important  in 
validating  the  finite  element  model.  Pressure  transducers  introduced 
endobroncbially  are  expected  to  show  differences  in  pressure-time  history  and 
different  wave  shape  at  different  distance  from  the  chest  wall.  This  is  a 
consequence  of  wave  propagation  in  lung  parenchyma  which  is  suggested  both  by 
modeling  and  basic  research.  Demonstration  of  this  wave  phenomenon  is 
critical  to  model  validation  and  to  the  elucidation  of  Injury  mechanism. 

4.  A  firteen  month  contract  was  recently  awarded  to  JAYCOR  for  further 
investigation  of  the  mechanism  of  G.I.  injury  and  to  establish  the  injury 
thresholds  in  terms  of  these  parameters. 
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Description 


Neuropsychiatric  casualties  have  represented  a  major  source 
of  manpower  loss  in  every  armed  conflict  in  which  the  United 
States  Army  has  been  involved.  In  times  of  peace  the  Army 
suffers  significant  personnel  losses  and  costs  as  a  function  of 
behavioral  dysfunctions,  performance  decrements,  effectiveness 
deficits,  psychosomatic  illnesses,  psychogenically  based  dis¬ 
orders  and  neuropsychiatric  diseases.  Many  of  these  losses  and 
costs  appear  to  involve  predisposing  risk  factors  that  are  parts 
of  the  general  and  human  ecology  of  the  Army.  Unique  aspects  and 
demands  of  military  life  engender  both  strains  and  stresses  that 
further  the  risk  of  the  individual  and  the  group  for  dysfunctional 
and  ineffective  behavior.  The  symptomatic  and  often  costly  re¬ 
sponses  to  stressful  events  and  factors  in  tha  military  are  in 
part  determined  by  the  health  status  and  coping  styles  of  the  in¬ 
dividual  and  in  part  by  the  social  milieu  in  which  stressful 
events  are  experienced.  This  unit  examines  the  interaction  of  the 
individual  and  group  within  this  special  set  of  ecological  set¬ 
tings,  ranging  from  the  intense,  life-threatening  multiple 
stresses  of  combat  to  the  daily  stresses  and  strains  of  garrison 
and  training,  examines  the  dynamics  of  those  specific  factors 
within  the  military  organizations  and  environments  that  conduce 
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to  psychiatric  illness,  operate  to  produce  psychiatric  casualties, 
and  lead  to  ineffectiveness,  the  generation  of  dysfunctional  be¬ 
haviors,  and  decrements  in  military  performance. 

Progress 

Health  Problems  of  Deployment:  In  order  to  gain  a  better 
understanding  of  the  impact  of  both  brief  and  extended  periods  of 
separation  on  military  families,  two  studies  have  been  undertaken. 
The  first  examined  health  and  family  stress  in  both  deploying  and 
non-deploying  soldiers  and  their  families  during  three  short-term 
deployments  (4  weeks  or  less)  and  one  extended  (6  month)  deploy¬ 
ment.  The  second  study  involved  family  members  of  three  battalion- 
sized  units  whose  sponsor  deployed  overseas  for  6  months  as  part 
of  a  multinational  peace  keeping  force.  Although  data  collection 
continues,  preliminary  findings  suggest  that  for  families  of  both 
brief  and  extended  deployers,  general  health  ratings  remained 
stable  with  moderate  increase  in  reported  stress- related  symptoms. 
For  both  groups,  the  most  frequently  reported  problem  was  child- 
centered.  Initial  findings  suggest  that  deployment  separation  may 
create  various  degrees  of  psychosocial  disruption  and  stress  and 
that  families  are  most  likely  to  seek  assistance  from  less 
specialized  support  elements  such  as  kin,  the  Rear  Detachment, 

,and  wives'  support  groups  when  these  are  perceived  as  concerned 
and  accessible.  The  data  collected  during  the  course  of  the 
deployment  of  units  in  the  82nd  Airborne  Division  as  part  of  the 
MFO  in  the  Sinai  is  presently  under  analyses.  Special  areas  of 
study  include  the  relationship  of  unit  cohesion  to  health,  per¬ 
formance,  and  patterns  of  leadership.  The  relationship  of  soldier 
stress  while  deployed  to  family  events  and  stress  is  also  under 
analysis  as  is  materia]  on  the  relationship  of  patterns  of  adapta¬ 
tion  to  soldier  health  and  deployment.  Initial  analyses  have 
been  completed  of  the  relationship  between  the  peace  keeping  task 
and  psychological  and  social  adaptation  to  the  Sinai. 

Supportive  Structure  for  Wives:  In  conjunction  with  the 
studies  of  health  problems  of  deployment,  an  investigation  of 
the  Sinai  Family  Support  Group  (SFSG)  was  also  conducted.  This 
study  focused  on  the  structural  composition  of  the  support  group, 
including  the  family  members,  the  Rear  Detachment  and  thirteen 
Army  agencies  and  offices.  The  several  key  elements  for  success 
were  identified,  including  Command  sponsorship,  a  group  of  dedi¬ 
cated  "key"  wives  and  the  various  types  of  information  which  Army 
families  need  in  order  to  resolve  their  problems  in  the  most  ef¬ 
fective  manner. 
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Stress  on  Special  Forces  Troops  and  Their  Families:  This 
research  examined  the  stresses  of  Special  Forces  resulting  from 
(a)  frequent  deployments,  (b)  exposure  to  danger,  (c)  inability 
to  share  work  concerns  with  families  because  of  classification 
requirements,  and  (d)  soldier  and  military  demands  for  highly 
cohesive  work  groups.  Data  collection  by  meansi  of  observations, 
interviews,  and  questionnaires  is  complete.  Preliminary  analyses 
of  the  psychometric  properties  of  the  questionnaires  are  completed. 
Analysis  of  the  data  continues. 

COHORT  Family  Study:  In  conjunction  with  a  DA  study  of  the 
New  Manning  System  (NMS),  this  department  is  studying  the  impact 
of  the  NMS  on  the  health  and  general  wall  being  of  military 
families.  Fourteen  units  scheduled  to  become  operational 
during  1983  and  1984  have  been  systematically  chosen  for  partici¬ 
pation  in  this  study.  Thes<i  units  represent  infantry,  armor,  and 
field  artillery  companies  at  four  major  U.S.  installations.  All 
but  two  of  these  units  will  deploy  overseas  (Europe  or  Korea). 

Using  a  combination  of  self-administered  survey  instruments, 
supplemented  with  direct  interviews,  data  is  now  being  collected 
from  family  members  at  six  important  nodal  points  in  the  units' 
three  year  life  cycle. 

Early  Army  Experiences  of  Lieutenants:  This  research,  done 
in  collaboration  with  scientists  at  the  US  Army  Military  Academy, 
focuses  on  the  experiences  of  graduates  in  their  first  assignment. 
The  design  is  longitudinal.  Questionnaire  data  is  complete  from 
the  first  COHORT;  preliminary  data  analysis  was  presented  at  pro¬ 
fessional  meetings.  Questionnaire  administration,  interviews, 
and  field  observations  continue  for  subsequent:  COHORTS. 

The  Wives  of  Career  Enlisted  Service  Members  -  Application  of 
a  Life  Stress  Model:  A  stratified,  random  sample  (N-315)  of 
women  married  to  enlisted  personnel  at  a  largo  FORSCOM  installa¬ 
tion  was  used  to  examine  the  effects  of  military  related  life 
stress  issues  on  a  number  of  outcome  variables.  The  descriptive 
information  and  perceptions  of  these  women  concerning  life  satis¬ 
faction  issues  were  informative.  Analyei*  of  the  study  model 
suggested  that  assessment  of  life  stress  conditions  specifically 
related  to  military  family  life  can  subatantially  contribute  to 
an  understanding  of  the  health  and  general  well  being  of  military 
wives.  Each  of  the  life  stress  conditions  also  provide  a  specific 
focus  for  community  and  command  intervention  efforts. 
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Role  Stress  and  Strain  on  Army  Noncossaissioned  Officers: 

Ibis  research  examines  the  stress  and  strain  inherent  in  the  role 
ot  noncommissioned  officers  by  means  of  career  histories  told  to 
a  professional  interviewer.  In  this  reporting  period  five  career 
histories  have  been  completed,  and  data  reduction  and  analysis 
has  begun. 

Dimensions  of  Morale  from  a  Cross-Cultural  Perspective: 

This  research  examines  common  dimensions  of  morale  across  cultures. 
The  method  adapts  a  highly  successful  questionnaire  measure  of 
morale  used  by  the  Israeli  Defense  Force  for  use  with  American 
forces.  The  object  is  to  determine  whether  the  sarnie  dimensions 
obtain  across  the  two  armies,  and  to  search  for  correlates  of 
morale  measures.  This  work  is  at  the  pilot  stage. 

Golden  Acres  Study:  Data  analysis  from  the  study  carried  oat 
of  a  military  housing  area  at  Ft  Sragg,  NC ,  continues.  It  is 
anticipated  that  write  up  and  analysis  of  this  work  will  be 
completed  In  FT 85. 

F utur e  Recommendations  and  Objectives 

Anticipated  progress  through  FY84  will  involve  the  continua¬ 
tion  *f  ongoing  studies  and  completion  of  ln-»tage  projects. 

Further  elucidation  of  the  relationship  of  patterns  of  individual 
soldier  and  family  stress  to  healtn  and  per f orraance  is  anticipated. 
A  ber.er  understanding  of  the  dynamics  of  the  relationship  of  unit 
cohes'on,  morale,  and  soldier  support  networks  r-  stress  tolerance, 
heal;.  1  outcome  and  performance,  is  expected  as  well  as  more  fine¬ 
grained  analyses  of  t.ia n v  of  the  problems  under  consideration. 
Long-term  studies  such  as  those  of  Special  Forces,  health  problems 
of  u-plovment,  COHORT  family  and  units  and  dimensions  of  morale 
will  continue  in  response  to  both  t he  needs  of  the  Army  and  the 
furthering  of  our  knowledge  in  these  critical  areas. 
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Description 

The  military  environment  places  demands  and  strains  upon  its 
population  that  are  markedly  different  from  those  of  civilian 
environments.  The  demands  and  differences  in  terms  of  individual 
and  unit  effectiveness  and  performance,  mental  and  physical  health 
and  behavioral  disruption  and  dysfunction  have  chronic  effects  in 
peacetime.  In  periods  of  deployment  and  combat,  such  stresses 
may  have  acute  effects  on  the  capability  of  units  and  individuals 
to  perform  their  missions.  This  unit  examines  military  organiza¬ 
tional,  social  psychological,  and  environmental  factors  that 
create  ri3k  for  and  militate  against  psychiatric  disease,  psycho¬ 
somatic  and  physical  illness,  behavioral  dysfunction  and  disrup¬ 
tion  of  performance  as  they  affect  Army  personnel  and* impact  on 
care  giving  agencies.  The  methods  of  epidemiology,  including 
records  surveillance,  population  and  demographic  cohort  studies 
and  methods  of  the  psychological  and  social  sciences  are  used  to 
delineate  factors  conducing  to  risk  as  well  as  mitigation  for  such 
illnesses,  disruptions  and  dysfunctions. 
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Progress 


Vietnam  Psychiatry  Study:  Data  collection  from  76%  of  the 
available  psychiatrists  who  served  in  the  Amy  in  Vietnam  was 
conoleted.  '’relirainary  analysis  reveals  dramatic  confirmation  of 
the  need  to  consider  the  human  factors  regarding  the  war  in 
Vietnam  as  phasic  with  a  pronounced  degradation  in  troop  morale 
over  time.  This  finding  is  linked  to  the  respondents  acknowledg¬ 
ment  of  mounting  psychiatrist  role  conflict,  especially  in  those 
whose  Vietnam  service  was  limited  to  a  tertiary  care  facility.  A 
notable  finding  was  that  only  18%  of  respondent  psychiatrists 
signified  that  they  had,  with  any  frequency,  treated  combat  psy¬ 
chiatric  casualties  within  48  hours  of  onset  of  symptoms. 

Stress  and  Health:  The  study  of  the  stress  factors  in  health 
and  illness  behavior  has  developed  an  individual  outpatient  data 
system  to  provide  quantative  assessments  of  the  outpatient  sick 
call  rate.  This  technique  has  characterized  the  significant  pre¬ 
deployment  increase  ir.  sick  call  rates  during  field  training  and 
during  peace  keeping  as  part  of  the  Multinational  Force  and 
Observers  in  the  Sinai.  Although  the  health  of  the  United  States 
soldiers  in  the  Sinai  was  better  than  that  of  the  UN  forces  in 
that  area  in  1975-1976,  there  was  a  worsening  compared  to  the 
same  battalion  18  months  previously  in  the  United  States. 

The  Normative  Base  for  the  General  Well  Being  Scale  in  the 
Army:  The  General  Well  Being  Scale  has  seen  extensive  use  in  the 

work  of  this  department,  but  it  has  no  norms  for  military  popula¬ 
tions.  In  order  to  develop  adequate  norms  for  the  Army,  all  known 
Army  samples  of  the  GWB  have  been  merged  into  a  single  data  base. 
Psychometric  scale  analyses  and  between  group  comparisons  are 
complete,  a?  is  a  review  of  the  GWB  literature.  The  final  report 
of  this  work  is  in  preparation. 

General  Well  Being  of  Army  Women:  A  sample  of  Army  women  and 
Army  men  is  being  given  a  questionnaire  packet  consisting  of 
Dupuy's  General  Well  Being  Scale  (1978),  the  Cornell  Medical  Index 
(Brodman  &  Wolff,  1969),  the  Zung  Depression  Scale  (Zung,  1965), 
and  the  Army  Satisfaction  Index  in  order  to  assess  overall  levels 
of  general  well  being  among  Army  women  and  men  in  both  traditional 
and  non-traditional  fields  (for  women  and  to  relate  general  well 
being  scores  to  other  measures  of  health,  both  psychological  and 
physical).  This  work  extends  the  research  of  Knudson  and  Alva 
(1980)  that  found  women  in  both  traditional  and  non-traditional 
Army  units  experiencing  extremely  low  measures  of  psychological 
well  being  as  measured  by  Dupuy's  Scale. 
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Post  Traumatic  Stress  Studies:  There  has  been  continued  data 
collection,  analysis  and  expansion  of  the  protocol  entitled, 
"Delayed  Stress  Response  Syndrome  and  Patterns  of  Psychosocial 
Support."  In  January  1983,  the  protocol  was  expanded  to  provide 
an  assessment  of  the  psychosocial  adjustment  of  all  active  duty 
Vietnam  and  Vietnam-era  veterans  in  the  Army  Nurse  Corps.  Data 
collection  began  in  February  1983  and  is  now  complete.  Preliminary 
analysis  has  been  started  and  is  still  underway.  Following  OMB 
approval  in  January  1983,  the  final  phase  of  the  protocol  was 
initiated.  Questionnaires  were  sent  to  2500  civilian  Vietnam  end 
Vietnam-era  veterans  beginning  in  March  1983.  Data  collection  has 
been  completed.  Data  has  been  keypunched  at  NIH  and  Initial 
analysis  is  expected  to  begin  shortly. 

DCSPER  Corporate  Fitness  Evaluation:  During  the  past  year, 
we  have  been  collecting  data  evaluating  a  stress  management/ 
corporate  fitness  program  instituted  in  the  office  of  the  DCSPER, 

US  Army.  Four  waves  of  data  have  been  collected  thus  far.  In 
addition,  extensive  interviews  have  been  carried  out  with  members 
of  the  ODCSPER  staff.  At  the  present  time,  preliminary  analyses 
of  the  data  are  being  completed  including  multivariate  and  factor 
analysis.  It  is  anticipated  that  data  gathering  will  be  complete 
in  the  next  fiscal  year  and  analysis  and  write  up  will  proceed 
apace. 

Drill  Sergeant  Assist:  Multivariate  analyses  have  begun 
exploring  well  being  and  distress  among  drill  sergeants  and  a 
control  group  of  non-drill  sergeant  NCOs .  Perceived  social  sup¬ 
ports  and  job  satisfaction  consistently:  enhanced  psychological 
well  being  and  hopefulness;  and  mitigated  general  psychological 
distress,  depression,  and  psychosomatic  and  paranoid  tendencies. 
Although  drill  sergeants  evidenced  lower  degrees  of  psychological 
health  than  non-drills,  the  control  group  seemed  more  severely 
depressed  and  psychosomat ically  oriented.  Analyses  continue. 

Health  Care  Utilization  Study:  "Factors  Contributing  to 
Patterns  of  Utilization  and  Medical  Care  in  the  Army:  -  Imple¬ 
mentation  of  this  study  at  Ft  George  G.  Meade  as  originally  con¬ 
ceived  has  been  delayed  due  to  unforeseeable  complications  at  the 
target  post.  These  include  the  net  loss  of  several  battalions 
critical  to  the  study,  and  the  rotation  of  the  original  approving 
or  sponsoring  principals.  Currently  while  another  suitable  post 
and  proponent  is  being  secured,  efforts  are  underway  to  critically 
review  the  project  design  so  as  to  take  advantage  of  recent  ad¬ 
vances  in  the  area  of  the  sociology  of  medical  utilization. 


Hispanic  Soldiers  Study:  An  exploratory  pilot  study  has 
begun  seeking  understanding  of  patterns  of  stress  and  haalth  care 
utilization  among  Hispanic  soldiers.  Through  the  application  of 
anthropological  techniques  and  survey  instruments,  we  are  address¬ 
ing  (1)  past  and  present  health  problems  among  Hispanic  soldiers, 

(2)  types  of  stress  and  stress  responses  experienced  by  H^panic 
soldiers  and  their  families,  and  (3)  the  cultural  differences  that 
exist  within  the  Hispanic  military  community. 

Mental  Health  Providers  Study:  In  concert  with  a  research 
project  within  the  Department  of  Psychiatry,  WRCH,  a  pilot  survey 
of  over  200  line  officers  was  conducted  to  ascertain  their  per¬ 
ceptions  of  Army  Mental  Health  services  and  providers.  Preliminary 
analysis  suggests  that  commanders  feel  they  do  have  adequate 
resources  for  seeking  advice  on  troop  and  family  problems  and  see 
themselves  as  the  first  line  of  intervention  for  providing  assis¬ 
tance  to  soldiers  under  their  command. 

Cohesion  and  Well  Being:  A  preliminary  study  was  carried  out 
in  support  of  an  exercise  studying  the  performance  and  reactions 
of  small  military  units  in*M0PP  gear.  This  study  looked  at  the 
relationship  between  measures  of  unit  cohesion  and  integration, 
psychological  well  being  and  evaluation  of  exercise  effectiveness. 
Over  the  course  of  the  two  week  field  exercise,  four  measures  were 
taken  5  times  when  the  soldiers  were  presented  with  a  unique 
training  experience.  The  measure  resulted  in  a  significant 
difference  between  means.  Attitudes  towards  platoon  members 
remained  stable  but  well  being  and  attitudes  towards  the  parent 
organization  fluctuated.  Soldiers  who  viewed  both  task  and  parent 
organization  positively  appeared  to  have  less  stress. 

Suicide  Studies:  The  study  of  the  epidemiology  of  suicide  in 
the  Army  has  identified  several  items  which  correlate  with  suicide. 
The  marital  status-specific  rates  show  that  divorced  or  separated 
soldiers  have  a  six  times  higher  suicide  rate  compared  to  single 
soldiers  and  seven  times  higher  compared  to  married  soldiers. 

Army  and  civilians  differ  in  the  extent  to  which  exogenous 
factors  influence  the  suicide  rate.  The  seasonal  variation  is 
moderate  for  the  data  from  the  United  States  (Spring  and  Fall 
peaks  within  5X  of  the  annual  mean)  and  large  for  the  Army 
(January  and  June  peaks  in  excess  of  25Z  above  the  annual  mean). 
These  monthly  rates  of  suicide  correlate  highly  with  the  monthly 
PCS  moves  within  the  Army  (r-0.89).  Both  the  marital  status- 
specific  and  the  month-specific  data  are  consistent  with  the 
notion  that  one  of  the  major  factors  in  Army  suicide  is  the  actual 
or  anticipated  loss  of  love  object.  Future  analysis  of  the 
suicide  rates  for  soldiers  experiencing  different  rotational  sched¬ 
ules  could  be  of  considerable  scientific  and/or  policy  interest. 
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Future  Recommendations  and  Objectives 


Basic  epidemiological  analyses  presently  under  way  will  be 
continued  into  the  future  with  the  immediate  goal  of  developing 
sets  of  indicators  relevant  to  troop  readiness  status,  and  to 
individual  and  unit  abilities  to  perform  optimally  on  the  battle¬ 
field  of  the  present  and  the  future. 

Developments  during  the  course  of  tha  next  FY  will  concen¬ 
trate  on  the  continuation  and  completion  of  studies  presently 
under  way.  Further  work  is  anticipated  on  the  relationship  be¬ 
tween  family  health  status  and  stress,  unit  cohesion  and  health 
and  performance  outcome  for  the  active  duty  soldier.  Work  on 
social  supports  and  other  protectors  against  stress  consequences, 
ill-health  and  breakdown  will  continue. 

Monitoring  of  other  data  will  continue  in  order  to  develop 
medical  early  warning  indicators  of  unit  status  and  potential  pat¬ 
terns  of  disruption.  Further  work  will  be  developed  in  the  study 
of  the  military  unit  as  a  -social  support  system  protecting  against 
or  conducing  towards  illness  and  performance  disruption  and 
maintenance. 
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Project  3E162777A879  Factors  Limiting  Soldiers'  Effectiveness 

Work  Unit  042  Military  Psychiatric  Epidemiology 

Papers  Presented  at  Scientific  Meetings 

1.  Camp,  N.M.  Operational  Stress  Among  Army  Psychiatrists  in 
Vietnam.  William  C.  Menninger  Memorial  Conference:  Military 
Psychiatry  &  Stress  (AMEDD  Military  Psych.  Course)  26  Apr  1983. 

2.  Belenky,  G.L.  and  Jones,  F.D.  Review  of  Contemporary  Studies 
in  Combat  Psychiatry.  VII  World  Congress  of  Psychiatry, 

Vienna,  Austria,  11-16  July  1983. 

3.  Jones,  F.D.  and  Belenky,  G.L.  The  Lebanon  Experience:  Lessons 
of  the  Arab-Israeli  War.  AMEDD  Military  Psychiatry  Conference 
entitled  William  C-  Menninger  Memorial  Conference:  1  Military 
Psychiatry  and  Stress,  Topeka,  KS,  25-29  April  1983. 

4.  Stokes,  J.W. ;  Jones,  F.D.;  Hales,  R.E.  and  Rock,  N.  Mental 
Health  Resources  in  Future  Combat.  Presented  at  3ICPSATWP, 

Tel  Aviv,  Israel,  3-6  January  1983. 
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Project  3E162777A879  Factors  Limiting  Soldiers’  Effectiveness 

Work  Unit  042  Military  Psychiatric  Epidemiology 

Publications 

1.  Belenky,  C.L.;  Newhouse,  P.A. ,  and  Jones,  F.D.  Prevention 
and  Treatment  of  psychiatric  casualties  in  the  event  of  a 
war  in  Europe.  International  Revue  of  the  Army,  Navy  and  Air 
Force  Medical  Service,  55:303-307  (France),  1982. 

2.  Belenky,  G.L.;  Noy,  S.;  Solomon,  Z,  and  Jones,  F.D. 
Psychiatric  casualties  (Battle  Shock)  in  Israeli  Defence 
Forces  in  the  War  in  Lebanon,  June-September  1982.  In 
Psychiatry:  The  State  of  the  Art,  Volume  VI,  Peter  Berner, 
Editor,  Plenum  Publishers,  NY,  in  press. 

3.  Crocq,  L. ;  Jones,  F.D.;  Adelaja,  0.;  Rahe,  R.;  Collazo,  C.; 
Mansour,  F. ,  and  3elenky,  G.L.  Psychiatric  casualties  in 
modern  warfare,  II,  Future  warfare.  In  Psychiatry:  The 
State  of  the  Art,  Volume  VI,  Peter  Berner,  Editor,  Plenum 
Publishers,  NY,  in  press. 

4.  Crocq,  L. ;  Crocq,  M.A.;  Barrois,  C. ;  Belenky,  G.L.,  and 
Jones,  F.D.  Low  intensity  combat  psychiatric  casualties. 

In  Psychiatry;  The  State  of  the  Art,  Volume  VI,  Peter 
Berne'-,  Editor,  Plenum  Publishers,  NY,  in  press. 

5.  Rothberg,  J.M. ;  Rock,  N.L.,  and  Jones,  F.D.  Suicide  in  United 
States  Army  personnel  1981-1982.  Military  Medicine,  in  press. 

6.  Stretch,  R.  and  Figley,  C.  Combat  and  the  Vietnam  Veteran: 
Assessment  of  Psychosocial  Adjustment.  Armed  Forces  and 
Society  (in  press,  scheduled  for  Voi  10,  No.  2). 

7.  Rothberg,  J.M.  and  Jellen,  L.  The  Individual  Outpatient  Data 
System:  An  Overview.  Abstracts  of  the  100th  Meeting,  76, 
American  Public  Health  Association  (1982), 

8.  Rothberg,  J.M.;  Tahmoush,  A.J.,  and  Oldakowski,  R.  The 
Epidemiology  of  Causalgia  Among  Soldiers  Wounded  in  Vietnam. 
Military  Medicine  148:347-350,  1983. 

9.  Rothberg,  J.M.;  Jellen,  L.,  and  Oldakowski,  R.  The  Health 
Consequences  of  Deployment  I  Data  Gathering.  Defense 
Technical  Information  Center,  Alexandria,  VA.  Document 
Number  ADA124509,  1983. 
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10.  Jellen,  L.  and  Rothberg,  J.  The  Health  Consequence  of 
Deployment  II.  Types  and  Rates  of  Outpatient  Sickcall  Visits 
of  Active  Duty  Soldiers  and  Their  Family  Members,  June  1980- 
May  1981.  Defense  Technical  Information  Center,  Alexandria, 
VA.  Document  Number  ADA12451Q.  (1983) 

11.  Jellen,  L.  and  Rothberg,  J.  The  Health  Consequences  of 
Deplc>:aent  III.  Types  and  Rates  of  Outpatient  Sickcall 
Visits,  June  1980-May  1981  Combat  Arms  and  Support  Troops. 
Defense  Technical  Information  Center,  Alexandria,  VA. 

Document  Number  ADA124436.  (1983) 

12.  Jellen,  L.  and  Rothberg,  J.  The  Health  Consequences  of 
Deployment  IV.  Additional  Survey  of  Injuries  of  Combat 
Soldiers.  Defense  Technical  Information  Center,  Alexandria, 
VA.  Document  No.  ADA124161 .  (1983) 

13.  Jellen,  L.  and  Rothberg,  J.  The  Health  Consequences  of 
Deployment  V.  Impact  of  Military  Activity  and  Associated 
Transitional  Periods* on  Combat  Arms  Outpatient  Sickcall 
Rates,  Defense  Technical  Information  Center,  Alexandria, 

VA.  Document  Number  A124496.  (1983) 
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functions  attendent  upon  sustained  exposure  to  stressors  in  ailit iry  environments. 
Information  developed  provides  indicators  of  the  magnitude  and  time-course  of  stressor 
induced  behavioral  and  physiological  disorders  that  are  the  precursors  of  the  production 
of  psychiatric  and  combat  casualties. 

24.  (U)  Monitoring  techniques  are  employed  in  tla  laboratory  and  in  the  field  to  obtaii 
detailed  behavioral,  electrophysiological,  and  biochemical  measures  of  functioning  durin; 
sustained  operations.  A  variety  of  time  series  analysis  techniques  are  applied  to  these 
data  to  assess  changes  that  precede  and  accompany  stress  responses. 

25.  (U)  82  10  -  83  09  Observations  of  sleep  management  practices  in  the  field  resulte, 

in  the  development  of  a  formal  Sleep  Discipline  Protocol  at  Ft.  ty>od.  Analyses  of  the 
iaca  from  the  72-hour  sleep  deprivation  study  continued.  Preliminary  analysis  of  the 
Lexical  Decision  Task  showed  performance  to  be  affected  by  a)  amount  of  sleep  loos  b)  ty; 
of  stimulus  pre*er*ed  c)  location  of  stimulation  and  d)  Individual  differences  In  sleep 
deprivation  effects.  Self-scored  activstlon  decreased  Irregularly  over  the  first  two  da 
ind  then  increased.  Self-scored  affect  decreased  continuously  showing  cyclical  variatioi 
riding  on  a  strong  downward  trend.  Heart  rates,  general  activity  level,  and  oral 
temperatures  showed  circadian  variations,  with  oral  tempersturs  also  showing  a  small 
downward  trend.  Additional  refinements  to  the  complex  demodulation  program  have  permitti 
the  characterisation  of  the  relationahlpe  between  »)  circadian  rhythm  of  oral  temperaturi 
*nd  sleep  deficit  and  b)  cognitive-perceptual  difficulties  and  circadian  rhythm.  Studie 
relating  physical  fitness  to  various  cognitive,  -psychological ,  and  physiological  measure 
showed  s)  that  fitneat  may  attenuate  decrements  in  cognitive  work  capacity  for  certain 

casks  aa  stress  levels  increase  and  b)  an  inverted  U-shaped  relationship  between  aerobii 
_ tor  technical  report  see  WRAIR  Annual  Progress  Report 
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SOLDIERS'  EFFECTIVENESS 

Work  Unit  043:  Military  Stress:  Circadian  and 
Ultradian  Factors 

Invest igarors : 

Principal:  LTC( P)  Sander  G.  Genser,  MC 

Associates:  LTC  Daniel  P.  Redmond,  MC; 

David  Thorne,  Ph . D . ; 

Harvey  Babkoff,  Ph.D.  (Visiting 
Scientist); 

Helen  Sing,  M.S. 

Robert  Jf.  Pleban,  Ph.D. 

Problems  and  Objectives 

The  temporal  organization  of  physiologic  function 
and  performance  in  military  environments  is  studied  in 
laboratory  and  field  settings.  I  n ve s t i ga t i o ns  seek  to 
determine  the  magnitude  and  time-course  of  stress- 
induced  performance  degradations  and  the  progressive 
psy c ho phy s 1 o  log i c  adaption  to  stressors  such  as  sleep 
deprivation,  continuous  combat  operations,  temporal 
(.^synchronizer  ion ,  and  life  threat.  Current  efforts 
focus  on  the  Impact  of  rapid  troop  deployment  over  long 
distances  by  air,  the  characterization  of  the  stress 
related  effects  of  combining  occupational  life  threat 
with  shiftwork,  the  relationship  between  cerebral 
hemispheric  laterality  and  circadian  variations  in 
military  performance,  and  the  effects  of  physical 
fitness  across  selected  cognitive,  physiological,  and 
psychological  indices. 

Prog  re  s  s 

Evaluation  of  the  role  of  sleep  loss  and  biological 
patterns  of  sleep  and  performance  in  operational 
settings  were  continued  from  observations  during 
Reforger-82  .’nd  again  during  sustained  operation  CPX 
exercises  in  September  1983,  by  the  1st  Cavalry 
Division.  Analysis  of  the  physiological  data  obtained 
from  the  studies  mentioned  above  as  well  as  from  the 
Firefighter  (shiftwork)  study  has  been  deferred,  pending 
the  final  evolution  and  proving  of  the  Biological  Signal 
Analysis  system.  Observations  made  from  these 
investigations  underscored  the  Important  role  of 
cognitive  awareness  and  volitional  choice  on  the  quality 
and  quantity  of  sleep  acquired  in  the  field.  As  a 
consequence,  presentations,  literature,  and 
c on s u 1 r a r 1  on s ’  we r e  provided  to  command  staff  on  tactics 
designed  to  conserve  soldier  resources  under  high 
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intensity  sustained  operation  environments.  These 
efforts  resulted  in  the  generation  of  a  formal  Battalion 
Sleep  Discipline  Protocol  at  Ft.  Hood  (Gaylor  and  Plair, 
1983). 


Analyses  of  physiological,  behavioral  and 
psychological  data  from  the  72-hour  sleep  deprivation 
study  continued  (see  Thorne,  Genser,  Sing,  and  Hegge, 

1  983  and  the  1982  annual  report).  ’’reliminary  analysis 
of  the  Lexical  Decision  Task  showed  that  words  were 
identified  for  a  much  longer  period  than  were  non¬ 
words.  Subjects  with  few  response  lapses  showed  a)  a 
deficit  in  identifying  non  words  which  was  much  more 
pronounced  for  left  heaifield  stimulation  than  for  right 
hemifield  stimulation  and  b)  individual  differences  in 
sleep  deprivation  effects. 

Self-scored  activation  decreased  irregularly  over 
the  first  two  days  of  sleep  deprivation  and  then  tended 
to  Increase.  This  Increase  was  unexpected  and 
unexplained.  Self-acored  affect  decreased  continuously 
wlrh  increasing  sleep  deprivation  and  closely  resembled 
the  decline  in  cognitive  performance  on  Pt.B  tasks, 
showing  cyclical  variation#  riding  on  a  strong  downward 
trend. 


Heart  rate  and  general  activity  level  showed 
circadian  variations  but  exhibited  no  marked  change  in 
either  mean  value  or  variability.  In  contrast,  oral 
temperatures  showed  large  circadian  variations 
superimposed  upon  a  small  downward  trend  of  perhaps  a 
half-degree  Fahrenheit  over  the  72-hour  period. 

Additional  refinements  to  the  multiple  complex 
demodulation  program  have  thus  far  permitted  the 
c ha r ac r e r i * a t i on  of  the  relationships  between  a) 
circadian  rhythm  of  oral  temperature  and  sleep  deficit 
and  b)  cogn i t 1 ve -pe r c e p r ua 1  difficulties  and  circadian 
rhythm.  Further  refinements  will  include  parrioning  of 
other  (higher  frequency)  components  in  the  data  sets  and 
comparing  them  among  all  data  sets  to  cull  out  the 
subtle  changes  as  they  occur  in  time  which  are  not 
orherwii*- discernible  with  other  analytical  techniques. 

The  relationships  among  physical  fitness,  mental 
performance,  mood  state,  and  various  physiological 
measures  have  been  the  focus  of  three  recent  studies. 

In  the  first  study,  the  results  obtained  indicate  that 
under  simulated  sustained  combat  operations  a)  fitness 
may  attenuate  decrements  in  cognitive  work  capacity  for 
certain  tasks  requiring  prolonged  mental  effort, 
particularly  as  the  cumulative  effects  of  sleep  loss  and 
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ocher  stressors  begin  Co  mount  and  b)  as  overall  itriu 
levels  Increase,  fitness  may  have  a  beneficial  effect  In 
moderating  fatigue  rate.  A  cross-sectional  study  found 
an  apparent  Inverted  U-shaped  relationship  between 
cognitive  performance  and  aerobic  fitness  levels.  The 
third  study,  currently  In  progress,  is  concerned  with 
the  effects  of  an  aerobic  fitness  program  (vs  no  aerobic 
fitness  program)  across  a  variety  of  cognitive, 
psychological  and  physiological  Indices. 

Fu  f  u  r e  Objectives 

Accumulation  and  analysis  of  data  concerning  sleep 
loss,  fragmented  sleep,  sleep  discipline,  shift  changes, 
jet  lag,  and  similar  factors  In  sustained  operations  and 
CBW  environments  will  continue  with  enhanced  facilities 
for  data  management  and  analysis.  Active  coordination 
of  programs  including  direcr  collaboration  at  the  bench 
level  is  underway  with  DCIEM,  N  H  R  C ,  George  Washington 
University  and  the  University  of  Arkansas  sleep 
laboratory.  Analyses  of  the  on-golng  fitness  study 
should  get  underway  later  iff  the  year. 

Presenter  ions  and  Publl cat  Ions 

1.  Gaylor,  A.K.,  and  Plair,  D.  "2nd  BN ,  5th  CAV 
Sleep  Protocol",  6  September  1983. 

2.  Hegge  ,  F.W.,  and  Redmond,  D.P.  Sleep 

Discipline  and  Shiftwork  In  sustained  operations.  Draft 
manual  and  presentation  to  the  82nd  Airborne  Division 
staff,  March  1983. 

3.  Pleban,  R.J.,  Thomas,  D.A»,  and  Thompson, 

H.L.  Physical  fitness  as  a  moderator  of  cognitive  work 
capacity  and  fatigue  onset  under  sustained  combat-llke 
operations,  in  review. 

4.  Redmond,  D.P.  Sleep  discipline  in  sustained 
operations.  P r e se n r a t 1 o ns  and  classes  for  Division  and 
Battalion  Staff,  1st  CAV  DIV,  August  1983. 
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23.  (U)  To  examine  neuroendocrine  correlates  of  stressors  specific  to  the  military 
environment.  Types  of  stress  to  be  studied  will  include  physical  and  psychological  stressors, 
including  continuous  performance  and  stressful  social  interaction. 

24.  (U)  In  both  laboratory  and  field  studies,  we  will  attempt  to  correlate  endocrine  and 
performance  data.  This  will  provide  a  basis  for  optimization  of  work/rest  schedules  and  stress 
management,  and  consideration  of  medical  prevention/ treatment  regimens. 

25.  (U)  82  10  -  83  09.  A  study  of  the  hormonal  effects  of  72  hr  sleep  deprivation  in  young 

men  revealed  marked  increases  in  urea  excretion  in  urine,  suggesting  that  sleep  deprivation  may 
increase  protein  breakdown  even  when  food  and  water  are  freely  available.  A  report  has  been 
prepared  summarizing  the  experience  of  foreign  military  medical  personnel  in  management  of 
battleshock  casualties  sustained  in  several  conflicts  during  the  last  decade.  In  addition,  a 
comparative  analysis  has  been  made  of  the  doctrine  of  comrade  and  self  aid  on  the  battlefield. 
Also,  a  book  of  papers  on  combat  psychiatry  has  been  assembled  and  edited  for  publication.  We 
have  shown  that  psychological  stress  can  elevate  plasma  levels  of  beta-lipotrophic  hormone  as  well 
as  beta-endorphin  in  female  rats.  For  technical  report  see  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report  1  Oct  82  -  30  Sep  83. 
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Project  3E162777A879  MEDICAL  FACTORS  LIMITING  SOLDIER 

EFFECTIVENESS 


Work  Unit:  044  Neuroendocrine  Response  to  Military  Stress 
Investigators: 

Principal:  Meyerhoff,  J.L.,  M.D. 

Associate:  Belenky,  G.L.,  M.D.,  LTC,  MC;  Kant,  G.3., 

Ph.D.;  Oleshansky,  M.A.,  M.D.,  MC:  Mougey, 
E.H.,  M.S.;  Pennington,  L.L.,  B.S. 

Objectives: 

Neuroendocrine  responses  to  stressors  typical  of  combat  and  the  military 
environment  are  studied  in  order  to  identify  conditions  and  processes 
leading  to  physical  and/or  psychiatric  breakdown  in  combat.  Types  of 
stressors  studied  will  include  physical  and  pharmacological  as  well  as 
psychological  stressors.  In  both  laboratory  and  field  studies,  we  will 
attempt  to  correlate  endocrine  and  performance  data.  This  will  provide  a 
basis  for  optimization  of  work/rest  schedules  and  stress  management,  and 
consideration  of  medical  screening,  prevention  and  treatment  regimens. 

Progress: 

We  have  conducted  a  comprehensive  review  of  the  relative  incidence  of 
combat  psychiatric  casualties  in  the  Israeli  Defense  Forces  (IDF). 
Psychiatric  casualties  were  a  significant  source  of  manpower  loss  for  the 
IDF  in  the  1973  Arab-Israe!i  War  and  in  the  1982  war  in  Lebanon.  In  the  4 
weeks  of  the  1973  Arab-Israeli  War,  the  ratio  of  psychiatric  casualties  to 
wounded  in  action  was  approximately  30:100.  In  the  1982  war  in  Lebanon, 
from  June  through  December,  the  ratio  of  psychiatric  casualties  to 
wounded  was  23:100.  The  majority  of  psychiatric  casualties  were  cases  of 
battle  shock  (pure  emotional  reaction  to  the  stress  of  battle).  In  both  wars, 
intense  battle  stress  was  the  primary  cause  of  battle  shock,  battle  shock 
cases  emerged  within  hours  of  the  beginning  of  hostilities,  and  were  most 
prevalent  where  the  battle  was  most  intense.  In  both  wars,  symptoms  were 
typically  anxiety,  depression,  fear,  and  sleep  disturbance.  In  1973,  all 
battle  shock  casualties  were  evacuated  to  the  rear;  only  a  few  returned  to 
their  units  during  the  war;  many  became  chronically  disabled.  Following 
the  1973  war,  the  IDF  adopted  the  IJ.S.  doctrine  of  forward  treatment. 
Using  forward  treatment,  the  IDF  was  successful  in  sending  75%  of  soldiers 
back  to  duty  within  72  hours.  For  administrative  reasons  some  of  these 
soldiers  never  returned  to  their  units,  and  a  few  soldiers  relapsed.  Overall, 
60%  of  psychiatric  casualties  were  returned  to  combat  duty  following 
forward  treatment.  In  comparison  xo  forward  treatment,  rearward 
treatment  was  significantly  less  effective,  returning  only  40%  of  soldiers  to 
their  units. 
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Prolonged  sleep  deprivation  is  characterized  by  psychological  and 
physiological  fatigue  as  measured  by  decrements  in  performance  on 
cognitive  or  physical  tasks.  We  determined  the  hormonal  and  metabolic 
effects  of  prolonged  sleep  deprivation  on  6  young  men  undergoing  72  hrs  of 
sleep  deprivation  in  a  supportive  laboratory  setting  where  food  and  water 
were  freely  available.  Physical  stress  was  absent  and  psychological  stress 
minimized  to  that  intrinsic  to  sleep  deprivation  itself.  We  measured 
urinary  constituents  that  would  be  expected  to  reflect  changes  in 
psychological  activation  (cortisol)  and  shifts  in  metabolism  (glucose,  urea) 
as  well  as  electrolyte  balance.  Cortisol,  urea,  glucose,  electrolytes  and 
other  compounds  were  measured  in  five  consecutive  24  hr  urine  collections 
including  a  72  hr  sleep  deprivation  period.  Urines  were  collected  during  a 
24  hr  pre-deprivation  day,  3  days  of  sleep  deprivation  and  a  recovery  clay. 
While  urinary  cortisol  decreased  only  slightly,  marked  changes  in  other 
urinary  constituents  were  observed.  Urinary  urea  rose  markedly  during 
sleep  deprivation,  glucose  decreased  and  urinary  electrolytes  decreased. 
These  data  indicate  that  sleep  deprivation  under  ad  lib  food  and  water 
conditions  can  cause  disturbances  in  normal  metabolism  characterized 
especially  by  increased  protein  catabolism. 

In  collaboration  with  investigators  at  3ohns  Hopkins  University,  we  have 
examined  the  effects  on  team  performance  of  the  social  stress  of  replacing 
a  trained  member  of  an  established  group  with  an  untrained  newcomer.  We 
have  measured  changes  in  24  hr  urinary  testosterone  (TS)  in  these 
subjects.  Two  ten  day  experiments  were  conducted,  each  employing  a 
design  in  which  a  three  person  group  competed  for  several  days,  at  which 
time  the  least  successful  competitor  was  removed  from  the  group  and 
replaced  with  an  intrained  newcomer,  who  had  been  kept  completely 
isolated  from  the  group.  In  each  experiment,  the  original  group  member 
who  was  least  competitive  had  urinary  testosterone  levels  markedly 
different  from  the  other  two  members.  In  the  first  experiment,  the 
rep'aced  subject  had  lower  T5  levels.  In  the  second  experiment,  the 
rep1  iced  subject  began  the  study  with  T5  levels  twice  those  of  the  other 
two:  his  levels  dropped  by  50%  on  the  second  day,  and  the  subject  withdrew 
him  elf  from  the  experiment  on  the  third  day.  An  initial  study  was  carried 
out  :o  assess  the  effects  on  group  dynamics  of  using  a  female  with  previous 
experience  in  the  task  to  replace  one  member  of  an  all-male  three  person 
working  group.  She  succeeded  in  convincing  the  group  to  change  their  work 
schedules,  and  although  some  hostility  was  expressed  toward  her,  the 
group's  performance  was  somewhat  improved. 

We  have  initiated  studies  of  the  effects  on  endocrine  physiology  of 
con-;‘  icting  extended  field  exercises  in  chemical  warfare  protective  suits 
(MO;- A  gear),  compared  to  the  ordinary  field  uniform.  We  collected  24  hr 
urine  volumes  in  10  soldiers  participating  in  the  exercise  who  volunteered 
for  cjr  study.  Preliminary  analysis  shows  a  drop  in  24  hr  volume  and  an 
increase  in  specific  gravity  of  the  urine  in  soldiers  wearing  either  type  of 
uniform.  The  urine  samples  will  be  assayed  for  cortisol  levels  to  attempt 
to  infer  if  wearing  the  MOPP  gear  was  more  stressful. 
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We  are  continuing  to  evaluate  the  utility  of  plasma  cyclic  AMP  as  a 
psychoendocrine  stress  marker.  In  preliminary  studies  using  armed  forces 
personnel,  we  have  seen  increases  in  plasma  cyclic  AMP  following 
exercise.  We  have  also  found  increases  following  infusion  of  isoproterenol, 
an  adrenergic  agonist.  We  believe  that  plasma  cyclic  AMP  will  be  a  useful 
index  of  the  degree  of  stimulation  of  adrenergic  receptors  in  clinical 
studies  of  stress.  In  a  preliminary  study  in  rats,  we  have  seen  indications 
that  beta-lipotrophic  hormone  is  more  responsive  to  psychological  stress 
than  is  beta-endorphin.  Attempting  to  develop  an  assay  for  plasma 
thyrotropin  releasing  hormone  (TRH),  in  collaboration  with  the  University 
of  Indiana,  we  have  measured  the  activity  of  pyroglutamic-aminopeptidase, 
the  rate-limiting  enzyme  that  rapidly  destroys  TRH  in  serum. 


Future  Objectives: 


We  are  planning  further  follow-up  studies  of  IDF  psychiatric  casualties,  to 
correlate  medical  care  records  with  battle  events.  In  conjunction  with  the 
Dept,  of  Military  Psychophysiology,  we  plan  to  continue  to  study  the 
biochemical  correlates  of  the  performance  decrements  induced  by  sleep 
deprivation.  In  particular,  we  wish  to  determine  whether  additional  food 
intake  might  prevent  the  increase  in  urea  excretion  seen  in  the  initial 
study.  We  are  preparing  a  protocol  for  the  study  of  psychoendocrine 
correlates  of  stress  in  soldiers  appearing  before  soldier-of-the-month 
boards.  In  connection  with  this  and  other  studies,  we  are  setting  up  a  high- 
pressure  liquid  chromatographic  method  to  measure  plasma 
catecholamines.  We  are  also  planning  psychoendocrine  studies  in  soldiers  in 
the  "over  forty"  cardiovascular  program,  in  conjunction  with  the  Walter 
Reed  Army  Medical  Center,  Department  of  Cardiology.  In  collaborations 
with  Duke  University  and  the  Massachusetts  General  Hospital,  additional 
studies  are  planned  on  the  effects  of  stress  on  subjects  with  "type 
A"  personalities,  the  stress  of  public  speaking,  and  stressful  inter¬ 
views.  We  are  also  studying  patients  with  "panic  disorder",  a 
condition  with  marked  simi 1 ari ties  to  "Soldier’s  Heart". 
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Presentations: 


Belenky,  G.L.  Simulated  battles  and  their  implications  for  the  prevention 
and  treatment  of  battle  stress  casualties.  Paper  presented  at  the 
Third  International  Conference  on  Psychological  Stress  and  Adjustment 
in  Time  of  War  and  Peace,  Tel  Aviv,  Israel,  2-6  January  1983. 

Belenky,  G.L.  Behavioral  responses  in  adaption  to  combat.  Paper 
presented  at  the  Third  International  Conference  on  Psychological 
Stress  and  Adjustment  in  Time  of  War  and  Peace,  Tei  Aviv,  Israel, 
2-6  January  1983. 

Belenky,  G.L.  Combat  psychiatry  in  future  wars.  Paper  presented  at  the 
AMEDD  Symposium  Division  and  Combat  Psychiatry,  Seattle, 
Washington,  14-28  March  1983. 

Belenky,  G.L.,  Noy,  S.,  Solomon,  Z.,  and  Jones,  F.D.  Battle  shock 
casualties  in  Israeli  forces  in  Lebanon.  Paper  presented  at  the  VH 
World  Congress  of  Psychiatry,  Vienna,  Austria,  11-15  July  1983. 

Belenky,  G.L.  and  Jones,  *F.D.  Contemporary  studies  in  combat 
psychiatry.  Paper  presented  at  the  VII  World  Congress  of  Psychiatry, 
Vienna,  Austria,  11-15  July  1983. 

Kant,  G.J.,  Neurochemical  and  neuroendocrine  responses  to  stress.  Paper 
presented  at  the  Defense  and  Civilian  Institute  for  Environmental 
Medicine,  Toronto,  Canada,  January  1983. 

Meyerhoff,  J.L.  Neurobiology  of  affective  disorders.  Lecture  presented  at 
the  Conference  on  Depression  and  the  Life  Cycle.  Department  of 
Psychiatry,  University  of  South  Florida,  Tampa,  Florida,  January  1983. 

Publications: 

Belenky,  G.L.  and  Kaufman,  L.W.  Cohesion  and  rigorous  training: 
observations  of  the  air  assault  school.  Military  Review  63:24-34,  1983. 

Belenky,  G.L.,  Sodetz,  F.J.,  and  Tyner,  C.F.  Israeli'  battle  shock 

casualties:  1973  and  1982.  Division  of  Neuropsychiatry,  WRA1R 

Report  83-4,  August  1983. 

Belenky,  G.L.,  Noy,  5.,  Solomon,  Z.,  and  Jones,  F.D.  Battle  shock 
casualties  in  Israeli  forces  in  Lebanon.  Proceedings  of  the  VII  World 
Congress  of  Psychiatry  (in  press). 

Kaufman,  L.W.  and  Belenky,  G.L.  Stayin’  alive:  knowing  what  to  do  until 
the  medic  arrives.  Military  Review  (in  press). 
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23.  (U)  To  Identify  factors  in  the  military  organizational,  social,  psychological  and 
physiological  environment  that  create  or  increase  risk  for  psychiatric  breakdown, 
behavioral  dysfunction,  psychosomatic  and  physical  illness,  all  of  which  impact  on 
individual  and  unit  effectiveness  and  consume  health  care  resources. 

24.  (’J)  The  methods  of  epidemiology,  including  records  analysis,  population  and 
demographic  analysis,  questionnaires,  field  and  cohort  studies,  and  various  observation 
methods  are  employed  to  develop  requisite  data. 

25.  (U)  82  10-83  09  A  study  of  the  effects  of  assimilation  of  families  into  a  military 
community  has  been  completed.  Major  findings:  type  of  housing  is  one  variable  which 
affects  the  assimilation  of  families.  However,  the  most  important  variable  affecting  j 
assimilation  is  the  degree  to  which  soldiers  and  their  spouses  identify  with  or  feel  part 
of  the  community.  Those  who  do  not  are  less  likely  to  extend  or  reenlist,  and  are  more 
likely  to  report  problems  with  their  tour.  A  study  of  battle  stress  casualties  in  the 
rfehrmacht  has  been  completed.  Major  findings:  these  casualties  occur  in  spite  of  the 
oest  leadership;  peacetime  planning  for  themi  is  therefore  critical.  A  study  of  the  role 

stress  problems  in  patient  admissions  during  REFORGER  is  in  progress.  A  study  of  the 
socialization  and  integration  of  new  lieutenants  into  USAREUR  units  has  been  completed, 
iajor  findings:  although  new  lieutenants  are  a  highly  motivated  group  of  officers, 
ronfusion  in  what  is  their  job  and  how  they  fit  into  their  units  probably  reduces  the 
iffectiveness  of  most.  Recommendations  to  help  ensure  effective  assimilation  are 
included.  For  technical  report,  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Oct  82  -  30  Sep  33.  i 

h,  •‘"f— '•***  _ _ _ _ _ _ _ _  _ _ _ _ _ 

r»«C  v«Ou*  (Onion!  O *  iwtl  *0»i**  OOIUCtC  .>0  *  0»wi  nm  t  nOv  ft* 

%•  iion  u*t  i  *  n»C  OMOlC'C 

615 


0D.1V.-J498 


PROJECT  3E16I777A879  FACTORS  LIMITING  SOLDIERS  EFFECTIVENESS 


Work  Uhit  046  Medical  Factors  Limiting  Soldier  Effectiveness 
Invest igatoi  s 

Principal:  Schneider,  MAJ  R.J. 

Associates:  Rock,  CPT  S.K.,  Jr. 

Kaufmann,  CPT  L.W. 


Description 

This  field  unit,  stationed  in  West  Germany  with  the  U.S.  Army  Europe 
and  Seventh  Army,  identifies  and  investigates  physical, 
psychological,  social,  and  organizational  factors  bearing  on  the 
individual,  unit  performance,  and  battle  readiness.  Current  efforts 
focus  on  five  areas  identified  by  commanders  as  important  concerns 
within  the  European  theater. 


INTEGRATION  OF  FAMILIES  INTO  THE  MILITARY  COMMUNITY 

An  observational  and  interview  study  of  a  cohort  of  102  families  has 
been  completed.  The  research  focused  on  the  socialization  of  the 
family  into  the  larger  military  community  and  the  implications  of 
this  socialization  for  illness  and  adjustment.  This  socialization 
was  studied  as  a  function  of  housing  groups.  Two  criterion  scales- 
the  General  Well  Being  (GWB)  and  the  Psychological  Sense  of 
Community  (PSC)  were  used  to  help  assess  adjustment.  Contrary  to 
our  expectation,  we  did  not  find  that  sick  call  or  illness  rates 
differed  significantly  among  housing  groups.  Also,  GWB  and  PSC 
scores  showed  relatively  little  variation  among  housing  groups. 
Considerable  differences  among  respondents  were  found  when  comparing 
individuals  who  were  high  and  low  on  the  two  criterion  scales.  Of 
the  two  criterion  scales,  PSC  relates  most  strongly  to  other 
variables  of  interest  to  the  military.  Thus  individuals  without 
this  attribute  were  not  only  more  marginal  in  a  number  of  areas 
representing  community  involvement  and  integration,  but  such 
individuals  rated  a  mswoer  of  potential  problems  as  more  severe,  in 
spite  of  the  fact  that  their  own  experience  with  those  problems  was 
essentially  the  same  as  those  with  a  strong  sense  of  community. 
Housing  area,  health,  and  a  feeling  of  general  adjustment  or  woll 
being  are  therefore  not  as  important  as  the  degree  to  which 
individual  family  members  are  integrated  into  the  community.  Our 
data  indicate  that  the  cost  of  failing  to  integrate  families  into 
the  military  is  measured  in  terms  of  lost  reenlistment,  lost 
extensions,  and  decreased  support  of  military  and  ccraamity  goals. 

A  number  of  recommendations  were  made  to  help  increase  integration 
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and  socialization.  These  include  establishing  programs  to  provide 
essential  integrative  services  through  the  small  unit  rather  than 
through  centralized  "umbrella-  agencies.  This  is  to  help  make  the 
military  the  focus  of  socialization,  not  only  ensuring  that 
socialization  does  occur,  but  that  it  occurs  in  a  manner  which 
builds  a  psychological  sense  of  community  around  the  military 
community.  It  is  important  to  provide  the  small  unit  leader  with  a 
workshop  to  explicate  the  relation  between  family  and  other 
variables  which  interest  leaders  (e.g.,  performance,  reenlistment, 
etc.),  since  many  small  unit  leaders  are  neither  prepared  tc  handle 
nor  sympathetic  to  the  different  problems  of  the  married  soldier  and 
his  family.  In  addition,  emphasis  on  other  integrative  programs, 
such  as  the  sponsorship  program  for  spouses,  increased  language  and 
general  life  coping  skills  for  family  members,  and  using  stairwell 
coordinators  to  help  integrate  new  families  are  recommended. 


BATTLE  STRESS  REACTION  AND  THE  WEHRMACHT 

The  purpose  of  this  paper  was  to  present  a  historical  review  of  the 
problem  of  German  soldier  breakdown  due  to  battle  stress  in  WW  II. 
Most  authorities  report  that  stress  breakdown  did  not  occur  in  the 
Wehrmacht;  good  leadership,  which  built  highly  cohesive  units,  is 
the  most  common  explanation  for  the  few  reported  cases  of  stress 
breakdown.  The  importance  of  cohesion  (a  responsibility  of 
leadership)  was  emphasized  in  terms  of  sustaining  the  force,  rather 
than  in  terras  of  preventing  stress  casualties.  However,  this 
leadership  responsibility  was  wall  recognized  and  probably  did  help 
prevent  many  stress  casualties.  Thus,  when  a  8oldier  did  break  down 
in  battle,  extensive  medical  efforts  were  directed  at  finding  an 
organic  basis  (i.e.,  something  physically  wrong)  for  his 
dysfunction. 

Our  analysis  of  original  source  data  from  World  War  II  indicates 
that  soldier  breakdown  was  a  serious  problem  for  the  Wehrmacht, 
although  it  was  usually  not  diagnosed  as  such.  In  spite  of  this, 
even  as  early  as  1942,  the  Army  Chief  of  Staff  indicated  concern 
with  the  problem  of  attrition  due  to  psychogenic  disturbances.  Tn 
fact  by  July  1944,  the  problem  became  so  severe  that  the  Surgeon 
General  requested  a  separate  report  on  the  nunioers  uf»9oldiers  lost 
due  to  stress  reactions. 

This  work  challenges  a  widespread  although  implicit  assumption, 
about  soldier  response  to  the  stress  of  battle  -  the  problem  can  be 
eliminated  by  good  leaders,  who  might  occasionally  need  to  "kick'em 
in  the  rear."  Battle  stress  reactions  cannot  be  eliminated  by 
flat,  and  cannot  be  totally  prevented  even  by  the  best  of 
leadership.  The  Israeli  Defense  Force  (IDF)  can  be  used  as  an 
example  of  a  modern  army  with  good  leadership,  high  morale,  and 
victory  in  the  face  of  overwhelming  odds.  Although  winning,  the  IDF 
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suffered  more  stress  casualties  than  killed  in  action  (KIA)  in  their 
recent  incursion  into  Lebanon.  Medical  personnel  mast  be  prepared 
to  treat  such  casualties,  and  should  be  prepared  to  consult  to 
military  commanders  in  how  to  prevent  them. 

We  concluded  that  line  cadre  of  all  branches  should  be  prepared  to 
expect  stress  reactions  among  their  troops.  Training  in  stress 
management  should  be  a  regular  part  of  garrison  operations. 
Inclusion  of  manpower  loss  due  to  stress  breakdown  should  be  a 
standard  aspect  of  field  problems.  Pinally,  the  positive  impact  of 
good  leadership  and  the  building  of  cohesion  are  vitally  Important 
leadership  responsibili ties  tc  reduce  or  delay  the  problem. 


RE FORGER  STRESS  CASUALTY  STUDY 

During  the  1982  REFORGER  exercise  stress  casualties  may  have 
accounted  for  23%  of  the  total  hospitalizations.  Several  hypotheses 
about  stress  reactions  are  therefore  being  tested  during  REFCRGER 
1983:  REFORGER  is  more  stressful  than  'normal"  duty,  and  therefore 
proportionately  more  soldiers  will  be  hospitalized  for  stress  during 
REFORGER  than  at  other  times  during  the  year.  Soldiers  assigned  to 
their  units  for  a  short  time  will  be  hospitalized  proportionately 
more  often  for  stress  than  soldiers  who  have  been  assigned  to  their 
units  for  a  longer  time.  Soldiers  assigned  to  combat  service 
support  units  will  be  stress  casualties  prrpoi tionately  more  often 
than  those  assigned  to  combat  support  or  combat  units. 
Proportionately  more  females  will  be  hospitalized  for  stress  than 
males.  Proportionately  more  younger  than  older  soldiers  will  be 
hospitalized  for  stress.  Proportionately  more  lower  ranking 
soldiers  will  be  hospitalized  for  stress  than  higher  ranking 
3oldier3. 

This  research  is  in  progress.  Data  collectioon  is  anticipated  to  be 
completed  by  the  end  of  October  1983. 


TOE  CAPTAINS’  STUDY 

This  report  is  an  extension  of  an  earlier  study  of  the  sociali zation 
of  lieutenants,  and  is  based  on  interviews  of  company  commanders. 
There  were  several  areas  about  which  the  company  commanders  had 
expressed  some  confusion  or  question  concerning  their  own  roles  and 
duties.  These  areas  concerned  the  imports, nee  of  lieutenants  to  the 
functioning  of  the  company,  training  leadership  in  the  lieutenant, 
how  the  company  commander  learns  to  train  lieutenants,  differences 
between  captains  and  lieutenants  in  the  officer  ethic,  and  who 
trains  the  company  commander  to  do  his  job. 

The  captains  generally  agreed  that  lieutenants  were  important  or 


necessary  to  the  unit.  Over  two  thirds  (71%)  of  the  captains  said 
that  lieutenants  were  important,  and  could  not  be  replaced  with 
experienced  NCOS.  The  reasons  captains  gave  for  having  lieutenants 
in  their  units  were:  a)  to  train  the  lieutenants  to  be  company 
conrwnders,  b)  to  help  share  the  workload  of  the  captain  and/or  the 
platoon  sergeant,  c)  his  ability  to  make  decisions,  d)  they  are  more 
mission-oriented  than  NCOs. 

Most  of  the  captains  said  they  could  train  leadership  in  the 
lieutenants,  and  they  clearly  recognize  their  responsibility  in  this 
area.  Less  clear  was  their  explanation  of  how  to  teach  leadership 
and  their  role  in  the  day-to-day  process:  a)  two  thirds  of  the 
captains  said  they  used  counseling  to  teach  leadership,  b)  over  half 
(57%)  of  the  captains  said  they  used  (on-the-job)  experience  to 
train  the  lieutenants,  e.g.,  putting  them  in  situations  where  they 
would  face  new  problems,  c)  almost  one  third  (29%)  of  the  captains 
3aid  they  used  officer  professional  development  classes,  but  with 
one  exception  these  were  not  well  defined  or  organized,  d)  a  small 
number  of  captains  said  they  used  written  guidelines  or  modeling. 

When  asked  where  they  had  learned  to  train  lieutenants  the  captains 
reported  that  their  training  had  come  from:  a)  their  own  company 
commanders  when  they  were  lietuenants,  or  from  other  senior  officers 
(43%),  b)  their  own  experiences  as  a  lieutenant  (one  third),  c)  a 
small  number  mentioned  their  peers  (other  captains)  or  their  officer 
advanced  course. 

The  captains  were  asked  why  lieutenants  reported  engaging  in 
unethical  or  dishonest  behavior.  Over  one  third  (38%)  of  the 
captains  reported  that  the  pressure  on  the  lieutenant  to  get  a  job 
done  or  have  all  his  equipment  "up"  resulted  in  dishonest  behavior. 
Cne  third  of  the  captains  said  that  the  lieutenant  had  a  different 
perception  of  honesty  or  truth  than  captains.  Twenty-nine  percent 
of  the  captains  said  that  the  dishonest  behavior  was  a  result  of 
inexperience.  Twenty-nine  percent  of  the  captains  also  said  that 
the  captain  is  more  honest  because  he  knows  his  career  is  on  the 
line  if  he  lies.  One  quarter  said  that  the  captain  has  to  be  more 
honest  because  of  the  greater  resporisibi  lities  put  on  captains. 
About  one  quarter  of  the  captains  don’t  believe  there  is  a 
difference  between  lieutenants  and  captains,  i.e.,  there  was 
pressure  on  both  that  resulted  in  •dishonest"  behaviors.  When  asked 
about  training  In  the  officer  ethic  the  captains  responded  with 
negative  comments  about  their  officer  advanced  courses.  About  one 
third  (29%)  of  the  captains  said  they  teach  lieutenants  ethical 
behavior  by  example,  while  three  felt  it  came  from  the  command 
climate  and  three  said  it  couldn't  be  taught. 

The  question  of  vbo  trains  captains  to  do  their  job  is  a  logical 
extension  of  the  same  question  about  lieutenants,  and  was  triggered 
by  captains'  comments.  There  was  no  clear  answer  from  the  captains 
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about  who  trains  them.  All  the  captains  agreed  that  the  battalion 
commander  should  train  them,  but  only  two  captains  reported  that  the 
battalion  commander  had  a  formal  training  program.  Almost  half 
(48%)  of  the  captains  said  the  battalion  commander  trained  them 
through  informal  methods  including  talks,  on  the  spot  corrections, 
■blowing  his  top,"  and  "ass-chewings." 

Several  of  the  captains  reported  reservations  about  asking  questions 
or  asking  for  help  from  their  battalion  commander.  The  two 
principle  reasons  given  by  the  captains  for  this  reticence  were: 
the  captains  did  not  want  to  bother  the  battalion  commander  because 
he  was  busy,  and  did  net  want  the  battalion  commander  to  think  that 
"I  don’t  know  my  job."  Promotion  to  captain  does  not  eliminate 
one's  concerns  about  “how  am  I  doing  my  assigned  job."  Over  half 
(57%)  of  the  captains  reported  that  the  battalion  executive  officer 
also  was  a  source  of  help  and  information  on  problems.  More  than 
half  (52%)  of  the  captains  said  the  battalion  operations  officer  was 
a  resource.  This  help  is  not  part  of  a  formal  or  organized  program. 
Three  quarters  (76%)  of  the  captains  reported  that  they  asked  for 
help  from  other  captains  in  command,  and  almost  all  the  captains 
reported  a  cooperative  relationship  among  the  company  commanders. 
Although  only  a  few  reported  competition  between  company  commanders, 
it  is  a  real  force  because  the  company  commanders  believe  they  will 
be  evaluated  relative  to  t^ieir  peers. 

The  officer  advanced  course  was  mentioned  by  only  one  captain  as 
useful  in  preparing  him  for  his  jot  as  company  commander.  He  said 
that  the  advanced  course  helped  him  'dth  supply,  maintenance,  and 
administrative  problems,  but  had  nothing  to  do  with  the  leadership 
problems  of  running  a  company.  Other  captains  were  generally 
negative  about  the  course.  The’  referred  to  it  as  a  vacation,  a 
time  to  see  where  you  stand  with  respect  to  your  peers.  Leadership 
classes  were  referred  tc  as  "leadersleep,"  a  chance  to  "get  over," 
and  without  impact  on  captains  '/ho  were  already  set  in  their  ways. 

Although  there  are  many  specific  differences,  little  in  general 
differentiates  captains  and  lieutenants  with  respect  to  their 
training  for  their  jobs  and  their  approach  to  the  ethical  problems 
that  face  them.  The  captains'  programs  to  train  lieutenants  are 
like  the  battalions  commanders'  programs  to  train  the  captains:  they 
are  informal  and  not  clearly  defined.  The  common  theme  in  these 
responses  is  that  training  in  basic  leadeiship  skills  is  not  quite 
adequate.  This  includes  not  or"  uhat  should  be  taught,  but  when 
and  how.  There  is  a  clear  i  rtion  of  much  of  the  content  and 
technique  employed  in  their  »  i  courses. 

When  it  comes  to  dishonest  behavior,  the  captains  in  comparison  with 
lieutenants  are  able  to  use  their  judgment  which  has  been  refined 
through  experience  in  the  organization.  This  difference,  however, 
is  one  of  degree  rather  than  kind.  The  captains  have  developed 
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several  strategies  for  coping  with  the  problems  they  confront,  while 
the  lieutenants  may  have  none  or  only  one.  Thus  the  captains  have 
several  options  open  to  them  in  a  given  problem  situation  that  the 
lieutenants  have  not  yet  learned.  Further,  the  captains  have  a 
major  advantage  over  the  lieutenants  we  interviewed  earlier!  they 
are  more  self-confident  and  believe  they  can  find  the  answer  to  a 
problem,  either  on  their  own  or  by  asking  someone  in  their  unit. 


DETERMINANTS  OF  TANK  CREW  PERFORMANCE 

The  purpose  of  this  research  is  to  determine  the  relationship  of 
selected  demographic  and  psychosocial  factors  in  crew  structure  to 
tank  crew  performance.  These  relationships  are  important  to  the 
military  because  of  the  need  to  establish  determinants  of  human 
behavior  under  combat  conditions,  and  because  factors  which 
contribute  to  improved  performance  may  also  be  important  in 
predicting  or  preventing  stress  reaction.  Furthermore,  if  such 
relationships  are  estat’ished  they  can  provide  standards  against 
which  changes  in  Army  policy  and  unit  practices  (e.g.,  practices 
designed  to  improve  unit  morale  and  cohesion,  training  techniques, 
etc.)  can  be  compared. 

The  immediate  impetus  fo*r  this  research  comes  from  two  sources: 
recent  Israeli  research  indicating  the  importance  of  psychosocial 
factors  in  combat  effectiveness  and  the  controversial  "Gideon"  study 
(Wallace,  1982).  The  studies  conducted  by  the  Israeli  Defense  Force 
(I DP)  since  the  war  in  Lebanon  have  reported  that,  in  addition  to 
intensity  of  combat,  the  primary  predictors  of  psychiatric  breakdown 
in  combat  are  low  morale,  poor  unit  cohesion,  and  weak  leadership. 
Other  factors  identified  with  psychiatric  breakdown  are  age,  poor 
education,  low  motivation,  and  low  intelligence  (Belenky,  1983). 
Conversely,  high  morale  correlates  with  increased  combat 
effectiveness.  The  Gideon  study  was  designed  to  determine  the 
relationship  between  the  mental  aptitude  of  individual  tank  crewmen 
and  tank  gunnery  performance. 

The  present  research  attempts  to  determine  the  importance  of  a 
variety  of  demographic  and  psychosocial  variables  for  tank  crew 
performance,  emphasizing  those  identified  by  the  IDF  as  important  in 
determining  combat  effectiveness.  Results  from  this  research  should 
give  a  more  complete  ar*d  realistic  picture  of  how  a  number  of  key 
variables  impact  on  tank  crew  performance  in  the  Army  than  is 
currently  available.  Data  were  obtained  from  45  tank  crews  of  an 
armor  battalion  participating  in  their  annual  gunnery  qualification 
at  Grafenwoehr.  Data  analyses  are  in  progress. 
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23.  (U)  To  develop  neuropharmacological  insights  into  the  etiology  and  treatment  of  circula¬ 
tory  shock  and  trauma,  and  to  evaluate  electrophysiological,  neuroanatomical,  autonomic  and  end¬ 
ocrine  correlates  of  performance  and  casualty  management.  Endogenous  mechanisms  regulating 
access  of  biological  substances  into  the  brain  will  allow  for  manipulations  of  endocrine  or  auto¬ 
nomic  function  to  alter  central  nervous  system  activity.  Results  are  anticipated  to  provide  novel 
pharmacological  approaches  to  the  management  of  military  casualties  and  improve  performance. 
Correlates  of  behavior  and  autonomic  function  with  altered  immune  states  will  be  investigated. 

24.  (U)  Measurements  of  physiological,  pharmacological  and  behavioral  function  in  animals  will 
be  performed  using  established  and  novel  procedures.  Baseline  measurements  will  be  contrasted 
with  responses  to  endogenous  or  exogenous  agents  in  order  to  determine  their  ability  to  restore 
homeostatic  function  in  models  of  disease  states  or  acute  injury. 

25.  (U)  32  10  -  83  09.  The  characterization  of  selectively  different  opioid  receptor  involve¬ 

ment  in  shock  and  pain  relief  was  extended  to  demonstrate  the  potential  utility  of  delta  antago¬ 
nists  to  reverse  shock  while  allowing  for  mu  agonists  (e.g.  morphine)  to  relieve  traumatic  pain.  It 
was  '  und  that  delta  and  mu  recognition  sites  for  opioid  liganas  are  functionally  linked  as  part  of 
the  same  macromolecular  receptor.  Prolactin  release  by  opioid  agonists  is  mediated  at  mu  binding 
sites,  whereas  the  inhibition  of  sex  hormone  release  by  opioids  mediated  by  delta  binding  sites. 
Using  sophisticated  electrophysiological  measurements,  the  endogenous  release  of  opioid  peptides 
results  in  an  anticonvulsant  effect,  decreasing  the  probability  of  subsequent  seizures.  The 
restricted  access  of  drugs  and  hormones  into  the  brain  by  the  blood  brain  barrier  was  demonstrated 
to  be  at  least  partially  regulated  by  steroids  released  from  the  adrenal  cortex.  Nerve  growth 
factor  was  shown  to  influence  the  development  of  the  cholinergic  nervous  system,  and  results  were 
extrapolated  to  Alzheimer's  disease  and  organophosphate  toxicity.  For  technical  report  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report  1  Oct  82  -  30  Sep  83. 
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Objectives: 

To  develop  resea*ch  designed  to  evaluate  the  therapeutic  utility  of 
neuropharmacologic  agents  in  experimental  models  of  shock  and  trauma;  to 
evaluate  the  role  of  endogenous  substances  in  arousal  and  depressed  states 
using  pharmacological,  behavioral  and  physiological  models;  and  to  provide 
pharmacological  insights  into  the  mechanisms  of  adaptation  and  habituation 
to  environmental  and  behavioral  stressors. 

A 

Specifically,  further  studies  have  characterized  specific  opioid 
receptors  involved  In  shock  pathophysiology.  Electrophysiological 
assessment  of  brain  and  motor  function  has  provided  the  opportunity  to 
correlate  pharmacological  and  physiological  responses  with  a  index  of 
nervous  system  function  within  the  brain  and  periphery.  Immuno- 
histochemica!  and  radioreceptor  techniques  have  allowed  for  determination 
of  potential  neuroanatomical  sites  of  action  for  endogenous  and  exogenous 
substances  which  are  involved  in  behavioral  or  physiological  responses. 
Additionally,  determination  of  potential  mechanisms  involved  in  the 
transportation  of  hormones  and  drugs  into  the  central  nervous  system  has 
provided  new  Insights  into  endogenous  and  exogenous  regulation  of  blood- 
brain  barrier  penetration. 

It  is  the  goal  of  these  studies  to  apply  basic  neuropharmacological 
insights  to  problems  of  clinical  and  military  relevance.  The  results  of  these 
studies  are  anticipated  to  provide  novel  pharmacological  approaches  to  the 
treatment  of  disorders  involving  adaptation  to  shock  and  other  stressors. 

Progress: 

I.  Management  of  shock  and  trauma: 

It  has  been  recently  demonstrated  that  more  than  one  opioid  receptor 
subtype  may  be  responsible  for  the  diverse  actions  of  endogenous  or 
exogenous  opioid  substances.  Through  the  use  of  newly  available,  specific 
opiate-receptor  agonists  and  antagonists,  it  was  demonstrated  In  the  thit 
the  various  cardiovascular  responses  to  opioids  may  reflect  their  selective 
actions  upon  different  receptor  subtypes.  Specifically,  the  hypotensive 
effects  of  opioid  substances  that  predominantly  bind  to  4  receptors  occurs 
within  the  peri-third  ventrlciiar  area  (hypothalamus),  resulting  in  a 
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decrease  In  sympathetic  outflow  and  a  loss  of  cardiovascular  tone.  By 
contrast,  opioid  substances  with  a  predominant  y  affinity  act  upon  brain 
structures  in  proximity  to  the  fourth  ventricle  to  produce  bradycardia, 
probably  by  activation  of  vagal-parasympathetic  effector  systems. 

Since  general  opioid  antagonists  such  as  naloxone  block  the  pain- 
relieving  effects  of  opioids  while  exerting  therapeutic  effects  in 
circulatory  shock,  an  selective  approach  was  sought  to  allow  for  shock 
reversal  while  still  enabling  pain  relief  from  endogenous  opioids  or 
morphine.  It  was  shown  that  the  'opioid*  component  of  shock 
pathophysiology  is  mediated  by  the  release  of  endogenous  opioid  peptides 
which  act  upon  6  receptors,  whereas  the  analgesic  properties  of  injected 
morphine  are  mediated  at  y  receptors.  This  selectivity  of  action  at 
distinct  sulpopulations  of  opioid  receptors  allows  for  the  potential  use  of  6 
opioid  antagonists  to  reverse  shock,  while  the  y  -agonist  morphine  could  be 
co-administered  to  allow  for  relief  of  the  traumatic  pain  which  may 
accompany  severe  injury. 

Perhaps  of  greater  importance  to  an  understanding  of  fundamental 
opioid  receptor  physiology,  it  was  shown  that  prior  occupancy  of  the  y 
receptors  with  irreversible  blockers  had  no  effect  upon  shock  severity  by 
Itself,  however  the  usual  therapeutic  actions  of  naloxone  or  selective  6- 
antagonists  was  blocked.  Thus,  antagonists  acting  upon  the  p  binding  site 
must  communicate  information  to  6-binding  sites.  The  potential 
pharmacological  and  physiological  relevance  of  this  discovery  lies  in  the 
interpretation  of  these  interactions  between  y  and  6  receptors.  These 
data  suggest  that  they  are  not  two  distinct  opioid  receptors,  but  instead 
they  represent  different  binding  sites  on  the  same  opioid  receptor 
macromolecule  which  interact  through  configurational  alterations  of  a 
common  molecular  receptor  structure. 

IU  Endocrine  responses  to  opioid  activation  and  shock: 

It  was  shown  in  experiments  with  rats  and  monkeys  that  the  release 
of  the  pituitary  hormone  prolactin  was  mediated  by  opioid  receptors  of  the 
u -type.  Conversely,  the  opioid-induced  inhibition  of  release  of  luteinizing 
hormone  (the  pituitary  hormone  responsible  for  release  of  the  sex  steroid, 
testosterone)  was  shown  to  be  mediated  via  actions  upon  4-receptors.  The 
physiological  and  behavioral  importance  of  prolactin  is  as  yet  poorly 
defined,  however  decreases  in  sexual  function  produced  by  poiolds  appear 
to  be  related  to  their  effects  upon  4-receptors  to  result  in  a  decreased  sex 
hormone  release. 

Recent  work  in  the  Neuropharmacology  Branch  has  revealed  the 
importance  of  intact  sympathoadrenomeduf lary  function  in  the  therapeutic 
actions  of  naloxone  and  thyrotropin-releasing  hormone  (TRH)  in  the 
treatment  of  endotoxlc  shock.  Specifically,  it  was  shown  during  the  past 
year  that  removal  of  the  adrenal  gland  prevented  the  therapeutic  actions  of 
naloxone  In  endotoxlc  and  hemorrhagic  shock.  These  findings,  In 
combination  with  results  from  other  laboratories,  Indicated  that  the 
integrity  of  the  adrenal  gland  is  essential  for  naloxone's  therapeutic  actions 
in  circulatory  shock.  Furthermore,  from  these  studies  with 
adrenalectomized  rats,  we  can  conclude  that  the  very  large  increase  In 
circulating  3-endorphin  derived  from  the  pituitary  in  the  absence  of  usual 


625 


«•«»  ... 


adrenal  feedback  regulation  mutt  not  be  directly  Involved  In  the 
cardiovascular  effects  of  shock  or  the!  r  reversal  by  naloxone. 

Further  studies  were  conducted  to  evaluate  the  Involvement  of 
tympathoadrenomeduf lary  catecholamine  outflow  In  the  therapeutic  actions 
of  these  agents  by  measuring  plasma  eplnephr:nu  norepinephrine,  and 
dopamine  along  with  hemodynamic  variables  djrny  naloxone  and  TRH 
treatment  of  normal  and  endotoxemlc  rats.  While  endotoxlc  shock  was 
associated  with  very  large  Increases  In  plasma  catecholamines,  neither 
naloxone  nor  TRH  altered  plasma  catecholamines  relative  to  i  a  line-treated 
controls  in  endotoxemlc  rats.  These  results  Indicate  that  the  therapeutic 
cardiovascular  actions  of  naloxone  and  TRH  do  not  simply  arise  from 
enhanced  sympathoadrenomedullary  secretion  of  catecholamines,  and 
suggest  that  the  spectrum  of  adrenomedul  lary  compounds  released 
following  sympathetic  stimulation  (Including  enkephalins,  adenosine 
triphosphate,  chromogranin,  magnesium,  etc,)  may  act  together  with 
catecholamines  to  ellcl  t  the  therapeutic  actions  of  naloxone  or  TRH. 

III.  Electrophyslologlcal  correlates  of  performance  and  Injury: 

A  central  nervous  system  (CNS)  neuropharmacology  research 
laboratory  was  established  to  measure  electrophyslologlcal  responses  In 
small  animals.  Application  of  these  technologies  dramatically  expands  the 
capabilities  of  the  laboratory  for  defining  biological  responses  to  drugs, 
toxins,  neurotransmitters  and  hormones  which  modulate  brain  activity. 
Using  these  facilities,  rodent  models  of  experimental  seizure  activity  have 
implemented  to  define  the  role  of  opioid  substances  and  neuropeptides  as 
anticonvulsants  and/or  proconvulsants.  Behavioral  and  electrographic 
responses  to  endogenous  and  exogenous  opioids  were  evaluated.  Data 
inaicates  that  two  separate  opioid  systems  exist  which  result  In  the 
anticonvulsant  actions  of  opioid  systems  (both  «  and  4).  Furthermore, 
using  a  rat  model  of  electroconvulsive  seizures,  It  was  shown  that  the 
Interval  Immediately  following  seizures,  characterized  by  a  general 
behavioral  depression,  appeared  to  result  from  an  activation  of  endogenous 
opioid  systems.  This  'postictal*  Inhibitory  effect  of  endogenously  released 
opioids  acted  to  decrease  the  probability  of  the  occurrence  of  a  subsequent 
seizure.  This  work  has  relevance  to  fundamental  biological  mechanisms 
which  regulate  susceptibility  to  seizures,  and  suggests  novel  therapeutic 
strategies  for  the  treatment  of  seizure  states. 

The  seizure-induced  activation  of  endogenous  opioid  substances  and 
their  subsequent  action  as  endogenous  anticonvulsants  were  Investigated. 
In  addition  to  the  measurement  of  behavioral  components  of  seizure 
activity  In  these  studies,  this  work  has  Involved  the  development  of 
quantitative  analytical  radioimmunoassay  procedures  for  measurement  of 
beta-endorphln-like  Immunoreact Ivlty  In  biological  tissues,  Including  brain, 
pituitary,  and  plasma.  Furthermore,  It  was  shown  that  the  analgesic 
effects  of  acute  electroconvulsive  seizures  was  antagonized  by  a  selective 
4 -antagonist,  not  by  a  u -antagonist.  This  provides  evidence  that 
endogenous  opioid  systems,  activated  by  electroconvulsive  shock,  act  upon 
4-receptors  to  produce  the  analgesic  state  In  rats. 
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IV.  Factors  governing  brain  access  of  neuropharmacological  substances: 

Research  interests  in  peripheral  communications  with  the  brain 
prompted  the  development  of  techniques  for  the  evaluation  of 
physiological,  pharmacological,  and  pathological  influences  on  the 
permeability  of  the  blood-brain  barrier.  The  blood-brain  barrier  (B8B) 
maintains  a  constant  extracel Idar  environment  for  the  nerve  cells  of  the 
brair\  protecting  the  central  nervous  system  from  changes  in  plasma 
composition,  including  peripherally  released  hormones  as  well  as  injected 
drugs  or  toxins.  This  BBB  may  be  regarded  as  a  dynamic  interface,  with 
permeability  properties  which  may  be  influenced  and  regulated  by 
environmental,  behavioral,  and  pharmacological  manipulations.  As  such,  it 
is  a  potential  target  for  experimental  and  therapeutic  intervention  to 
influence  peripheral  and  pharmacological  communications  with  the  brain 


Repeated  electroconvulsive  shock  (ECS)  was  shown  to  increase 
permeability  of  the  B8B,  indicating  the  possibility  that  behavioral  and 
neurochemical  changes  characteristic  of  ECS  (and  perhaps  other  seizure 
states  as  well)  may  be  partially  due  to  novel  exposure  of  the  neural 
substrate  to  circulating  humoral  substances  ordinarily  restricted  from 
passage  into  the  brain  by  the  BBB.  It  was  speculated  that  the  body's  own 
release  of  corticosteroids  from  the  adrenal  gland  may  participate  in  the 
regulation  of  the  integrity  of  the  BBB,  both  under  resting  conditions  ind 
following  ECS.  Physiological  adrenal  influences  on  undisrupted  brain 
microvasculature  were  examined  by  measurement  of  the  permeability  of 
the  BBB  to  ^^l-bovine  serum  albumin,  a  macromolecule  (MW»65,000) 
which  is  almost  completely  excluded  from  the  brain  due  to  its  large 
molecular  size.  Significant  increases  in  the  permeability  of  the  BBB  to 
radioactive  albumin  were  produced  by  adrenalectomy,  and  were  completely 
reversed  by  administration  of  physiological  doses  of  corticosterone. 
Selective  removal  of  the  adren.l  medulla  (while  keeping  the  adrenal  cortex 
intact)  produced  the  same  e*  ect  as  total  adrenalectomy,  indicating  that 
the  adrenal  cortex  is  prima  iy  responsible  for  altered  BBB  integrity.  These 
results  indicate  that  the  pituitary-adrenal  axis  may  permisslveiy  regulate 
the  entry  of  macromoiecules  into  the  CNS  and  may  thereby  indirectly  alter 
the  central  actions  of  diffusion-limited  drugs  and  humoral  substances. 
These  observations  have  significant  implications  of  military  relevance  with 
regard  to  drug  and  toxin  ent  ry  into  the  CN  S  since  these  substances,  as  well 
as  acute  stress,  result  in  significant  activation  of  the  pituitary-adrenal 
axis. 


V.  Neuroanatomicaf  interactions  with  biological  responses: 

Studies  were  conducted  to  analyze  neurotransmitter  pathways 
involved  in  neuropharmacologica!  responses.  Nerve  Growth  Factor  (NGF), 
a  peptide  which  is  known  to  stimulate  the  growth  of  peripheral  nerves,  was 
purified  from  mouse  submaxillary  glands  and  characterized  by  acrylamide 
gel  electrophoresis  and  biological  assay.  An  lodination  procedure  was  then 
developed  to  radiotabel  the  NGF  protein.  This  radiolabeled,  purified  NGF 
was  then  employed  in  studies  of  central  nervous  system  cholinergic  neurons 
In  newborn  rats.  Striking  increases  in  choline  acetyltransferase  activity 
were  documented  in  neurons  of  the  septum,  basal  forebrain,  and  striatum, 
as  well  as  nerve  fibers  of  the  hippocampus  and  neocortex.  Preliminary 
retrograde -transport  studies  using  1251-NGF  in  brain  were  performed  to 
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evaluate  the  anatomical  localizations  of  the  nerve  cells  which  innervated 
these  diverse  brain  regions.  Further  attempts  to  obtain  a  tool  for 
characterizat  ion  of  NCF  led  to  the  development  and  growth  In  culture  of  a 
hybridoma  line  to  produce  a  monoclonal  antibody  against  NCF.  This 
antibody  was  used  for  affinity  purification  of  NCF  and  to  perform  binding 
studies  to  analyze  NCF  binding  to  specific  receptors  on  a  primary  line  of 
Schwann  cells. 

Another  project  Involved  neurobiological  studies  of  Alzheimer's 
disease,  a  disease  of  aging  brain  which  results  in  the  the  occurrence  of 
senile  dementia.  These  studies  have  recently  been  linked  to  the 
experimental  results  with  NCF  since  it  was  shown  that  NCF  was  associated 
with  an  alteration  of  the  development  of  the  nervous  pathways  whose 
degeneration  is  believed  to  be  involved  In  the  etiology  of  Alzheimer's 
disease. 

To  elucidate  some  of  the  mechanisms  underlying  Alzheimer's  disease, 
a  series  of  immunocytochemlcal  studies  in  rats  and  normal  and  aged 
monkeys  were  conducted.  These  studies  had  two  primary  goals:  1)  the 
anatomical  characterization  of  the  basal  forebrain  and  its  projections  2) 
the  elucidation  of  the  neurot ransmi tter(s)  found  in  the  cortical  plaques  of 
Alzheimer's  disease.  Data  collected  to  date  have  provided  an  accurate  map 
of  cholineacetyltransferase  positive  celb  in  monkeys  as  well  as  a 
preliminary  characterization  of  cholinergic  neuronal  fibers  pathways. 
Additionally,  imrnunocytochemical  studies  of  Alzheimer's  disease  tissue 
were  performed  employing  'an  antibody  to  myelin  basic  protein,  the 
"msulative*  material  which  surrounds  axonal  projections  of  nerve  cells. 
These  anatomical  Investigations  provide  an  opportunity  to  define  the 
nervous  system  pathways  Involved  in  cholinergic  function  and  are  pertinent 
to  investi  gati  ons  of  the  mechanisms  of  neuronal  toxicities  produced  by 
chemical  warfare  agents. 

Future  Directions: 

Plans  for  1984  include  the  priority  of  obtaining  functional  laboratory 
and  office  space  to  afford  the  opportunity  to  pursue  research  objectives 
outlined  in  approved  and  planned  research  proposals.  These  studies  within 
the  Neuropharmacology  Branch  will  -continue  to  integrate  available  talent 
to  provide  novel  insights  into  the  neuropharmacology  of  circulatory  shock. 
The  recent  acquisition  of  sophisticated  electrophysiological 
instrumentation  and  techniques  provide  the  opportunity  to  correlate 
nervous  system  function  with  hormonal  and  drug  responses.  .Studies  will  be 
continued  to  define  the  blood  brain  barrier  and  its  alteration  during  stress 
and  toxic  substance  exposure.  Morphological  studies  will  be  conducted  to 
correlate  the  localization  of  various  neuroactive  transmitters  with  their 
receptors  and  thei  r  relationship  to  stress,  toxin  exposure  and  behavior. 

Emphasis  will  be  placed  upon  development  of  psychoneuroimmunology 
as  an  entirely  rew  correlate  of  military  performance  and  casualty 
management.  This  involves  the  acquisition  of  knowledge  about  the 
fundamentals  of  cellular  and  humoral  components  of  immune  responses  to 
enable  their  correlation  with  shock  states  as  well  as  stress  and  behavioral 
disorders.  It  is  anticipated  that  this  integration  of  nervous  system  function 
with  immune  mechanisms  will  provide  novel  insights  into  the  etiology  of 
many  aspects  of  physiological  derangements  as  well  as  psychosomatic 
illnesses. 
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Presentations  made: 


|ohn  W.  Holaday,  PKD.: 

1.  *  Pharmacological  Basis  of  Anaesthesiology',  invitational  symposium 
participant,  lecture  on  ‘Clinical  Implications  of  Endorphin  Research*, 
Milan,  Italy,  Nov  1982. 

2.  Departments  of  Anesthesiology  and  Intensive  Care,  invited  lecture. 
Technological  U.  of  Munchen,  Munich,  West  Germany,  Nov  1982. 

3.  Session  Chairman,  ‘Opiate  Receptors*,  Society  for  Neurotclences 
Annual  Meeting,  Minneapolis,  Minnesota,  Nov  1982. 

4.  Department  of  Necrology,  Cornell  University  Medical  Center,  New 
York,  New  York  -  Grand  Rounds,  Nov  1982. 

5.  Sloan-Kettering  Memorial  Cancer  Research  Institute,  New  York,  New 
York,  -  Grand  Rounds,  Nov  1982. 

6.  Department  of  Pharmacology,  Albert  Einstein  College  of  Medicine, 
New  York,  New  York  -  Departmental  seminar,  Nov  1982. 

7.  Western  Pharmacological  Soc.,  Invitational  symposium  participant, 
‘Endorphin  antagonists  In  shock  and  spinal  trauma:  Therapeutic 
implications*  Puerto  Vallarta,  Mexico,  Jan  1983. 

8.  Winter  Brain  Conference,  invited  panel  participant,  ‘MolecJar 
mechanisms  of  spinal  cord  Injury  and  recovery’.  Keystone,  Colorado, 
Jan  1983. 

9.  Departments  of  Anesthesiology,  Pharmacology  and  Toxicology, 
*  Cardio-respi  ratory  actions  of  opiate  systems*  and  'Neuropeptide 
involvement  in  shock  and  spinal  injury*,  University  of  Mississippi 
Medical  Center,  Jackson,  Mississippi.  Departmental  seminar,  March, 
1983. 

10.  Department  of  Psychiatry,  invited  lecturer,  'Endogenous  opiates  In 
schizophrenia  and  affective  disorders*,  Walter  Reed  Army  Medical 
Center,  March,  1983, 

* 

11.  Third  Annual  Neurosciences  Symposium,  U.  Kentucky,  Invited  lecture 
on  ‘Endogenous  opiate  systems  In  seizure  mechanisms:  Involvement  In 
ictal  and  post-ictal  effects*,  Lexington,  Kentucky,  Apr  1983. 

12.  Allegheny  General  Hospital,  grand  rounds,  ’Neuropeptide  involvement 
in  shock  and  trauma*,  Pittsburgh,  Pennsylvania,  Apr.,  1983. 

13.  Shock  Society,  session  chairman  'Endogenous  opioids  in  shock 
pathophysiology’,  Jackson  Hole,  Wyoming,  June,  1983. 

14.  Sloan-Kettering  Memorial  Cancer  Research  Institute,  New  York,  New 
York,  -  Grand  Rounds,  'Possible  physiological  function  of  multiple 
opioid  receptors',  July,  1982. 
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15.  Bethesda  Navy  Hospital,  Bethesda,  Maryland,  'Endogenous  opioid 
systems  in  shock  and  trauma'  and  'Multiple  opioid  receptors:  possible 
physiological  function*.  Sept.,  1983, 

16.  University  of  California,  San  Francisco,  invited  symposium  speaker 
'Septic  shock,  newer  concepts  In  pathophysiology  and  treatment*, 
Sept.,  1983. 

Frank  C.  Tortella,  Ph.D.: 

1.  Temple  University  School  of  Medicine,  Philadelphia,  lecture  on 

'Antiepileptic  Pharmacology*,  FeK,  1983. 

2.  Temple  University  School  of  Medicine,  Philadelphia,  lecture  on 

'Central  Ne'vous  System  Stimulants',  Feb.,  1983. 

William  C.  Mobley,  M.D.,  MA],  MC: 

1.  Chairman,  organizing  committee,  American  Society  of  Neurological 
Investigation,  Washington,  D.C.,  Oct.,  1982. 

2.  Co-chairman,  ' Pathogenesis  of  Alzheimer's  Disease,  American  Society 
of  Neurological  Invest  igation,  Washington,  D.C.,  Oct.,  1982. 

3.  Invited  lecture,  ‘Progressive  Rubella  Panencephalitis*,  Dept,  of 

Neurology,  Johns  Hopkins  University  School  of  Medicine,  Nov.,  1982. 

4.  Division  of  Neuropsychiatry  lecture,  WRAIR:  "Nerve  Growth  Factor 
Increases  Cholinergic  Neurotransmitter  Enzymes  in  the  Central 
Nervous  System',  Walter  Reed  Army  Institute  of  Research, 
Washington,  D.C.,  May,  1983. 

5.  Invited  lecture,  'Nerve  Growth  Factor  in  Cholinergic  Central 
Neurons*,  Dept,  of  Neurology,  Johns  Hopkins  University  School  of 
Medicine,  Sept.,  1983. 

Patents  pending: 


1.  "Narcotic  antagonists  in  the  therapy  of  shock’  Continuation  in  part. 
Serial  §  248,622,  re:  neurogenic  shock  and  spinal  injury. 

2.  'Thyrotropin  releasing  hormone  in  therapy  of  shock  and  as  a  central 
nervous  system  stimulant*  Patent  application  serial  number  252,443. 

Publications: 


1.  Holaday,  J.W.  and  D’Amato,  R.J.  Naloxone  in  Ischemic  Neurologic 
Deficits  in  the  Cerbil:  Is  there  an  Effect?  Science,  218:592-593,  1982. 

2.  Faden,  AJ.,  Jacobs,  T.P.,  Smith,  M.T.,  and  Holaday,  J.W.  Comparison 
of  Thyrotropin  Releasing  Hormone  ( T  R  H),  Naloxone,  and  Dexametha- 
sone  Treatments  in  Experimental  Spinal  Injury.  Neurology  33:  673-678, 
1983.  • 


3.  Holaday,  J.W.  Cardiovascular  Consequences  of  Endogenous  Opiate 
Antagonism.  Invited  commentary,  Biochem.  Pharmacol.,  Pergamon 
Press,  NY,  pp.  573-585,  1983. 

4.  Holaday,  J.W.  Endorphins  in  Shock  and  Spinal  injury;  therapeutic 
Effects  of  Naloxone  and  Thyrotropin  Releasing  Hormone,  in  Mclecuiar 
and  Cellular  Aspects  of  Shock  and  Trauma,  Alan  R.  Llss,  NY,  pp.  167- 
184, 1983. 

5.  loladay,  J.  W.  Cardiovascular  Effects  of  the  Endogenous  Opiate 
System.  In  Annual  Review  of  Pharmacology,  23:  541-594,  1983. 

6.  Holaday,  J.W.  and  Reynolds,  D.G.  The  Role  of  Endogenous  Opiates  In 
Shock:  Introductory  Comments.  in  Advances  in  Shock  Research 
S.  Reichard  and  D.  Reynolds,  eds.,  Alan  R.  Liss,  NY,  pp.  53-55,  1983. 

7.  Holaday,  J.W.  and  Faden,  A.i.  Spinal  Shock  and  Injury:  Experimental 
Therapeutic  Approaches.  In  Advances  in  Shock  Research  S.  Reichard 
and  O.  Reynolds,  eds.,  Alan  R.  Liss,  NY,  95-98. 

8.  Holaday,  J.W.  Cardiorespiratory  effects  of  mu  and  delta  opiate 

agonists  following  3r“  or  4*"  ventricular  injections.  Peptides  3:  1023- 
1029,  1982.  ~  ““ 

9.  Holaday,  J.W.,  Pasternak,  G.W.,  and  Faden,  AJ.  Naloxazone 
pretreatment  modifies  cardiorespiratory  and  behavioral  effects  of 
morphine.  NeuroscL  Lett.  37:  199-204,  1983. 

10.  Holaday,  J.W.,  Pasternak,  G.W.,  D*Amato,  R.J.,  Ruvlo,  B.A.,  and 
Faden,  AJ.  Naloxazone  lacks  therapeutic  effects  in  endotoxic  shock 
yet  blocks  the  effects  of  naloxone.  Eur.  J.  Pharmacol.  89:  293-296, 
1983. 

11.  Holaday,  J.W.  Endogenous  opioid  systems  in  shock,  neuronal  ischemia, 
and  pain:  therapeutic  effects  of  naloxone  and  TRH.  Pharmacological 
Basis  of  Anesthesiology,  Tiengo,  M.,  and  Cousins,  M.,  Eds.,  Raven 
Press,  NY,  pp.213-224,  1983 

Manuscripts  in  press  or  submitted: 


1.  Holaday,  J.  W.  Endorphins  in:  Current  Concepts,  in  press. 

2.  Holaday,  J.W.,  Black,  L.B.,  and  Long,  J.B.  Neuropeptides  In  shock  and 
tr.auma.  Clinics  in  Critical  Care  Medicine,  Chernow,  B.,  ed.,  In  press. 

3.  Holaday,  J.W.  Opiate  antagonists  in  shock  and  trauma.  J.  Emerg. 
Med.,  in  press. 

4.  Holaday,  J.W.,  and  O'Amato,  R.J.  Multiple  opioid  receptors:  evidence 

for  y-4  binding  site  interactions  in  endotoxic  shock.  Life  ScL,  in 
"re  ss.  ~ 
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5.  Belenky,  G.L.,  Celinas-Sorell,  D.,  Kenner,  ).R.,  and  Holaday,  J.W. 

Evidence  for  6-receptor  involvement  in  the  post-ictal  antinociceptive 
responses  to  electroconvulsive  shock  in  ratv  Li  fe  Sci.  In  press. 

6.  Holaday,  J.W.,  Cilbeau,  P.M.,  Smith,  C.C.,  and  L.L.  Pennington. 

Multiple  opioid  receptors  in  the  regulation  of  neuroendocrine  responses 
In  the  conscious  rat  and  monkey.  Opioid  Modtiatlon  of  Endocrine 
Funct  ion,  Raven  Press,  NY,  in  press. 

7.  Holaday,  J.W.,  D'Amato,  R.J.,  Ruvlo,  B.A.,  Feuerstein,  G.,  and  Faden, 

AJ.  Adrenalectomy  blocks  pressor  responses  to  naloxone  in  endotoxic 
shock:  evidence  for  sympaf ho-meddlary  involvement.  Clrc.  Shock,  in 
press. 

8.  Holaday,  J.W,,  and  Faden,  AJ.  Thyrotropin  releasing  hormone: 
autonomic  effects  upon  cardiorespiratory  function  in  endotoxic 
shock.  Regulatory  Peptides,  In  press. 

9.  Holaday,  J.W.  Neuropeptides  In  shock  and  traumatic  injury:  sites  and 
mechanisms  of  action.  Neuroendocrine  Perspectives,  in  press. 

10.  D'Amato,  R.J.,  and  Holaday,  J.W.  Multiple  opiate  receptors  In 
endotoxic  shock:  evidence  for  delta  involvement  and  mu-delta 
interactions  in  vivo.  Proa,  Natl.  Acad  Sci.  in  press. 

1  i.  Belenky,  G.L.,  Tortella,  F.C.,  Hitzemann,  R.J.  and  Holaday,  J.W.  The 

role  of  endorphin  systems  in  the  effects  of  single  and  repeated  i 

electroconvulsive  shock.  In:  ECT:  Basic  Mechanisms.  R.M. 

Belmaker,  B.  Lerer,  and  R.D.  Weiner  eds.,  John  Llbbey  and  Co., 

London,  In  Press,  1983. 

12.  Tortella,  F.C.,  Robles,  L.E.,  Holaday,  J.W. ,  and  Cowan,  A.  A  selective 
role  for  d-receptors  In  the  regulation  of  of iold-induced  changes  In 
seizure  threshold  Life  Sc  i.,  in  press. 

13.  Tortella,  F.C.,  Robles,  L,  Holaday,  J.W.,  and  Cowan,  A.  ICI  154,129,  a 
putative  6  opiate  receptor  antagonist,  raises  seizure  threshold  in 
rats,  Li T  *  Sci.,  in  press. 

14.  Tortella,  F.C.,  Cowan,  A.  and  Adler,  M.W.  Studies  on  the  excitatory 
and  inhibitory  influences  of  opioids  on  seizure  threshold  In  rats. 

Submitted  for  Publication,  1983. 

i 

15.  Tortella,  F.C.,  Cowan,  A.  and  Holaday,  J.W.  Pituitary  endorphin  ! 

involvement  in  e1  -  :troconvuls  Ive  shock-induced  p<»»t  I  c  t  a  I  ! 

electrogenesis  and  behsvioral  depression  in  rats.  Submitted  for  j 

Publication,  1983. 

16.  Mobley  W.C.,  Gendelman  H.,  Wolinsky,  J.S.  and  R.  Moxon,  1983. 

Infections  of  the  Centra!  Nervous  System.  In;  Pediatric  Emergency 
Medicine  ,  F.  Heldrich,  editor.  Aspen  Ktcss,  in  press. 
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effects  of  naloxone,  TRH,  and  atropine.  Fed.  Proc.  42:  2124  (1983). 
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6.  Holaday,  J.W.,  and  L/Amato,  R.J.  Thyrotropin  releasing  hormone 
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8.  Holaday,  J.W.  Opioid  antagonists  In  septic  shock.  Proceedings  of 
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23.  (U)  The  goal  of  this  work  is  to  develop  clinical  information  on  candidate  antiradia-| 
tion  drugs  that  have  progressed  successfully  through  preclinical  studies.  This  informa¬ 
tion  is  directed  toward  further  development  of  these  drugs  through  clinical  investiga¬ 
tions  to  demonstrate  their  efficacy  and  limitations  in  human  subjects  using  models 
where  necessary.  There  is  ttilitary  relevance  in  this  research. 

24.  (u)  The  first  questions  addressed  with  these  studies  concern  determinations  of  doses 
of  effectiveness  and  minimal  toxicity  in  man.  This  work  relies  heavily  on  animal  model 
studies  since  humans  cannot  be  intentionally  irradiated.  Pharmacokinetic  investigations 
in  animal  models  may  be  conducted  based  on  analytical  chemical  data.  The  resulting  in¬ 
formation  is  then  applied  to  similar  clinical  studies  in  human  subjects.  Finally,  ex¬ 
periments  are  conducted  to  determine  the  best  dosage  forms  and,  route  of  administration 
for  these  drugs  for  their  intended  purpose. 

25.  (U)  82  10-83  09  The  focus  of  this  work  has  been  on  producing  a  clinical  pharmacokine¬ 
tic  profile  of  WR  2721.  The  beagle  dog  is  serving  as  the  animal  model.  The  high  pressure 
liquid  chromatography  (HPLC)  assay  developed  previously  has  been  validated  and  utilized 
in  the  beagle  dog  in  preliminary  pharmacokinetic  studies  of  WR  2721.  A  similar  assay  for 
WR  1065  the  dephosphorylated  metabolite  of  WR  2721,  is  being  developed  in  a  related 
project.  These  two  methods,  utilized  simultaneously,  can  provide  a  more  complete  picture 
of  the  bioavailability  of  the  new  microencapsulated  formulations  of  WR  2721  that  have 
been  prepared  for  oral  administration.  Preparations  are  underway  to  generate  this  infor¬ 
mation  using  the  beagle  dog  prior  to  similar  human  studies.  For  technical  report  see 
/alter  Heed  Army  Institute  of  Research  Annual’ Report  1  Oct  82  -  30  Sep  83.  Portion  of 
work  continued  in  Project  3M463764D995,  Work.  Unit  070. 
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Clinical  and  Ancillary  Studies  for  Antiradiation  Drug 
Development 

Melvin  H.  Helffer,  Ph.D. 

MAJ  J.  von  Bredow,  Dr.  H.  lowensohn 


1.  Description. 

The  de>elopment  of  agents  which  protect  against  the  effects  of 
radiat'on  njury  requires  a  highly  integrated  multidisciplinary 
effort  to  jndei take  a  broad  range  of  preclinlcal  and  clinical 
pharma :olog1ca  studies.  The  ultimate  goal  of  this  work  is  to  obtain 
the  necessary  information  to  support  granting  of  a  Notice  of  Claimed 
Invest  i  gat  low'.  Exemption  for  a  New  Drug  (IND)  by  the  Food  and  Drug 
Admi m -.tratioi  (FOA)  for  each  candidate  radioprotectant. 

2.  Progress. 

WR  2721  1  :  an  ami  nopropyl  ami  noethyl  phosphorothioate  compound 
currently  being  developed  by  this  division  for  submission  to  the  FDA 
as  an  anti  rail  ation  drug.  This  compound  shows  good  radioprotectant 
activity  after  Intravenous  administration.  The  drug  undergoes  rapid 
hydrolysis  under  acidic  conditions  and  thus  would  not  be  expected  to 
survive  the  acidic  conditions  of  the  stomach  without  significant 
degradation.  As  expected,  the  drug  shows  little  radioprotection  1  n 
animal  studies  following  oral  administration.  To  be  useful  in 
military  settings,  under  field  conditions,  it  Is  necessary  to  develop 
a  dosage  form  which  can  be  taken  orally.  To  this  end,  drug 
mi croencapsul ation  has  been  undertaken  to  protect  the  drug  from  acid 
hydrolysis  and  deliver  the  parent  drug  intact  to  the  intestine. 

Mi  cro-encapsul  ation  of  WR  2721  in  various  fatty  materials  has  led  to 
three  experimental  formulation  which  demonstrate  promising  in  vitro 
characterl sties.  All  3  formulations  show  good  protection  a"galnst 
acid  hyaiolysls  in  a  pH  1  test  medium.  Further,  it  has  been 
demonstrated  that  the  drug  is  readily  released  from  the  dosage  form 
in  vitro  under  conditions  designed  to  simulate  the  intestinal 
envi ronment. 

Development  of  specific  assays  for  WR  2721  and  WR  1065  the 
diphorphorylated  metabolite  of  WR  2721,  will  allow  bioavailability 
testing  of  the  experimental  encapsulated  formulations.  The  new  high 
pressure  liquid  chromatographic  (HPLC)  assay  for  WR  2721  for 
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pharmacokinetics  studies,  and  initial  results  have  been  obtained  1i 
the  beagle  dog*  This  study  has  provided  information  on  the  overal 
plasma  level  profile  of  WR  2721  and  analysis  of  the  these  data  has 
provided  useful  Information  for  optimizing  blood  sampling  procedures 
for  future  pharmacokinetic  work.  Development  of  an  HPLC  assay  for 
the  principa’  metabolite  of  WR  2721  has  proceeded  far  enough  to 
demonstrate  the  feasibility  of  this  technique.  An  internal  standard 
for  the  assay  has  been  synthesized  under  contract.  Once  this 
standard  material  is  available  In  quantity,  the  method  will  be 
finalized  with  reproducibility  and  accuracy  experiments. 

3.  Future  Work. 

The  total  pharmacokinetic  profile  of  WR  2721  continue  to  be 
investigated  in  the  dog  model.  Bioavailability  studies  will  be 
continued  in  animals  to  test  the  oral  absorption  of  the  experimental 
micro-encapsulated  formulations  using  the  HPLC  assays  for  WR  2721  and 
WR  1065.  Formulation  work  will  continue  to  provide  microencapsulated 
formulations  in  quantity  to  support  the  above  studies. 

4.  Publ ications. 

E.P.  McGovern,  O.J.  Mangold,  J.A.  Nino,  E.M.  Gause  and  L. 
Fleckenstei n,  HPLC  Assay  for  S-2-(3-ami nopropyl  ami no)ethyl 
phosphorothioate  (WR  2721}  in  Plasma.  J.  Liquid  Chromatography 
6:1523-1534,  19R3 
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73.  (0)  The  purpose  of  this  research  is  to  develop  clinical  information  on  candidate 
chemical  warfare  agent  antidotes  that  have  progressed  successfully  through  preclinical 
studies.  This  information  is  directed  toward  further  development  of  these  antidotes 
through  clinical  investigations  to  demonstrate  their  efficacy  and  limitations  in  human 
subjects.  There  is  military  relevance  in  this  research. 

24.  (U)  The  first  questions  addressed  with  these  studies  concern  determinations  of  toxic 
and  effective  do^es  in  man.  This  'work  is  supported  by  prior  studies  in  animal  models. 
Pharmacokinetic  Investigations  In  animal  models  may  be  conducted  based  on  analytical 
chemical  data.  The  resulting  information  is  then  applied  to  similar  cl inical  studies  in 
human  subjects.  Finally,  experiments  are  conducted  to  determine  the  best  dosage  forms 
and  route  of  administration  for  these  drugs  for  their  intended  purposes. 

25.  (U)  82  10-83  09  Recent  research  has  focused  on  the  combined  formulation  of  2-PAM-C1 
and  atropine  prior  to  clinical  pharmacokinetic  studies.  Analytical  procedures  utilizing 
high  pressure  liquid  chromatography  (HPLC)  and  gas  chromatography  (GC)  have  been  devel¬ 
oped  to  analyze,  respectively,  2-PAM-C1  and  atropine  as  well  as  expected  major  degrada¬ 
tion  products  from  both.  These  procedures  are  presently  being  utilized  in  stability 
studies  to  determine  the  compatibility  of  these  two  drugs  in  combination  preparations  as 
well  as  their  individual  shelf  life  in  autoinjectors.  Results  from  one  of  these  studies 
have  uncovered  3  degradation  products  in  samples  of  2-PAM-C1  maintained  at  room  tempera¬ 
ture  for  8  years.  Work  is  presently  underway  to  determine  the  chemical  nature  of  these 
products.  Other  studies  are  underway  to  determine  the  hemodynamic  and  myocardial  energe¬ 
tic  effects  of  atropine  administered  i.v.  to  dogs.  This  work  will  compare  these  effects 
in  the  dog  at  rest  vs.  various  states  of  exercise.  In  addition,  a  new  Notice  of  Claimed 
Investigational  Exemption  for  n  New  Drug  (IND)  has  been  initiated  for  the  short-term 
prophylactic  use  of  pyridostiqmine.  For  technical  report  see  WRAIR  Annual  Repcrt.^1  Oct^Oc 

Portion  of  work  continued  in  Project  3t;463764L9S5 ,  Work  Unit  071.  „  ' 
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Work  Unit  062:  Clinical  and  Ancillary  Studies  for  Anti-Chemical  Warfare 
Drug  Development 

Investigators: 

Principal:  Malvin  H.  Heiffer,  Ph,D. 

Associate:  LTC  C.  Pamplin,  COL  D.  Davidson,  Dr.  6.  McCormick 
J.  Notsch 


1,  Description. 

The  development  of  antidotes  against  various  chemical  warfare 
agents  requires  a  highly  integrated,  multidisciplinary  approach 
spanning  a  broad  spectrum  of  preclinical  and  clinical  pharmacological 
studies.  The  ultimate  goal  of  these  studies  is  to  obtain  the 
necessary  information  to  support  granting  of  a  Notice  of  Claimed 
Investigational  Exemption  for  a  New  Drug  (IND)  by  the  Food  and  Drug 
Administration  (FDA)  for  each  candidate  antidote. 

2.  Progress. 

Accelerated  stability  studies  continue  on  2-PAM-C1  and  atropine, 
alone  and  in  combination.  This  work  utilizes  high  pressure  liquid 
chromatographic  (HPLC)  and  gas  chromatographic  (GC)  analytical 
methods  developed  in  this  Division.  These  techniques  are  being  used 
to  measure  the  loss  of  these  two  compounds  and  the  appearance  of 
degradation  products  at  a  variety  of  temperatures  in  various 
formul  ations.  Part  of  this  work  has  been  devoted  to  long-term 
stability  studies  which  have  disclosed  a  101  degradation  of  2-PAM-C1 
over  eight  years  at  room  temperature.  The  three  principal 
degradation  products  of  2-PAM-C1  are  presently  being  studied  by  HPLC 
and  mass  spectrometry  for  identification.  This  work  will  be  used  to 
determine  the  stability  of  single  and  combination  drug  preparations 
in  fielded  and  future  autoinjector  systems. 

Other  studies  are  underway  to  investigate  the  cardiovascular 
effects  of  atropine  in  the  dog  model.  This  work  will  compare  the 
effects  of  i.v.  administered  atropine  or.  dogs  at  rest  and  under 
exercise  conditions.  The  focus  of  this  study  is  on  the  hemodynamic 
and  myocardial  energetic  effects  of  atropine.  Pyridostigmine  is  also 
being  investigated  as  a  short-term  prophylactic  antichemical  agent. 

A  new  Notice  of  Claimed  Investigational  Exemption  for  a  New  Drug 
( I  NO)  has  been  initiated  for  this  use  of  the  drug. 


3.  Future  Work. 

Efforts  will  continue  along  each  of  these  lines  of  Investigation 
to  determine  the  feasibility  of  combining  2-PAM-C1  and  atropine  In  a 
single  autoinjector  and  the  shelf-life  of  the  best  resultant 
formulation.  Work  on  the  effects  of  atropine  In  exercising  animals 
will  also  continue  as  will!  efforts  to  advance  the  new  use  of 
pyridostigmine  through  further  development. 

4.  Publications. 

I 

Lowensohn,  H.S.:  Atropine's  effects  upon  the  muscarine 
controls:  The  heart  and  its  systemic  output.  Physiological  Reviews 
(manuscript  In  preparation). 
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23.  ... _  . 

nel  in  the  event  of  exposure  to  ionizing  radiation. 

24.  (U)  Potentially  active  drugs  will  be  identified  and  obtained  by  synthesis  or  purchas< 
Candidate  drugs  will  be  tested  in  laboratory  model  systems  to  establish  protective  effi¬ 
cacy,  mechanisms  of  pharmacological  effects,  effects  on  physiological  responses  and 
pharmacokinetic  characteristics.  Information  is  used  in  guiding  new  drug  synthesis  and  in| 
selecting  candidate  drugs  for  clinical  trials. 

25.  (U)  8210-8309  Fifty-two  compounds,  including  analogs  of  WR  2721,  amidinium  compounds] 
bis  sulfinates  and  dithioacids  have  been  synthesized  and  submitted  as  candidate  radio¬ 
protectant  compounds.  Significant  progress  has  been  made  in  development  of  orally 
effective  formulations  of  WR  2721;  three  microencap-sulated  formulations  have  been  pro¬ 
duced  and  characterized  in  vitro.  An  analytical  methodology  which  is  specific  and 
highly  sensitive  has  been  developed  for  quantitation  for  WR  2721  and  a  metabolite  in 
biological  fluids  and  tissues.  This  will  enable  the  performance  of  pharmacokinetic 
studies.  WR  2721  and  WR  638  have  been  well  tolerated  in  clinical  studies.  WR  638  by 
oral  administration  and  WR  2721  by  intravenous  administration .  For  technical  report, 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  82  -  30  Sep  83 


(U)  To  develop  new  drugs  with  protective  activity  against  injury  to  military  person- 
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Work  Unit  Q63  Development  of  Antiradiation  Drugs 
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PROBLEMS  AND  OBJECTIVES: 

There  are  no  antidotes  to  radiation  exposure  which  are 
available  to  U.S.  military  personnel  in  the  event  of  nuclear 
warfare.  The  objective  of  this  program  is  the  development  of  a 
radioprotective  drug  which  will  provide  partial  protection  against 
both  prompt  and  fallout  radiation  exposure.  WR  2721,  a 
phosphorothioate  compound,  is  a  promising  candidate  but  requires 
developmental  effort  to  overcome  its  poor  oral  effectiveness, 
undesirable  side  effects  and  short  duration  of  protective  effect 
(less  than  two  hours).  In  addition  to  these  developmental  studies 
with  WR  2721,  identification  and  development  of  other  compounds 
with  better  characteristics  will  ne  pursued. 

PROGRESS: 

The  radi oprotector  program  is  conducted  by  extramural 
contracts  with  fourteen  1 aboratori es,  col  1 aborati ve  studies  with 
other  government  institutions  and  by  limited  intramural  research. 

The  extramural  synthesis  program  is  conducted  under  six 
contracts.  Fifty-two  compounds,  including  analogs  of  WR  2721, 
amidinium  compounds,  hi s-sul fi nates  and  dithioacids,  have  been 
synthesized  and  submitted  for  testing.  As  an  adjunct  to  the 
extramural  effort,  procedures  for  purification  of  previously 
synthesized  and  stored  WR  3689  have  been  developed  i ntramural  ly . 

Biological  and  pharmacol  ogi  cal  studies  are  performed  by  eight 
oo'-t'actors  in  the  extramural  program.  Newly  synthesized 
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compounds  are  tested  in  mice  for  activity  and  further  development 
of  WR  2721  is  pursued.  Significant  progress  has  been  made  in 
development  of  orally  effective  formulations  of  WR  2721;  three 
microencapsulated  formulations  resistant  to  the  acid  conditions  of 
the  stomach,  and  which  rapidly  release  unchanged  drug  in  the 
alkaline  environment  of  the  intestine  have  been  produced  and 
characterized  in  vi tro.  Storage  stabilities  have  been 
established.  Specific  and  highly  sensitive  analytical  methodology 
using  high  performance  liauid  ch romatography  nas  been  developed 
for  quantitation  of  WR  2721  and  its  thiol  metabolite  in  biological 
fluids  and  tissues. 

Research  into  effects  of  ionizing  radiation  and  of 
radi oprotecti ve  drugs  on  prostaglandin  metabolism  has  recently 
been  initiated  by  a  contract  and  by  a  newly-created  intramural 
project.  Changes  in  prostaglandin  metabolism  after  radiation  have 
been  reported  recently  but  the  medical  significance  is  not  well 
understood.  Results  of  initial  studies  suggest  a  relationship 
hetween  the  thiol  metabolite  of  WR  2721  and  glucocorticoid  control 
of  prostaql andin  production. 

Two  candidate  radioprotective  drugs  are  under  active  clinical 
investigation  under  the  auspices  of  the  National  Institutes  of 
Health.  WR638  appears  to  be  well  tolerated  in  oral  long  term 
administration  (daily  for  up  to  four  years)  in  children  for 
treatment  of  cystinosis.  WR  2721  is  being  administered 
intravenously  to  cancer  patients  in  conjunction  with  radiotherapy 
(and  chemotherapy)  in  Phase  I  Trials  of  human  tolerance.  At 
single  doses  of  1100  and  1300  mg/*r  (approxi mately  2  gm),  no 
irreversible  or  dose-limiting  toxicity  has  been  encountered. 

FUTURE  OBJECTIVES: 

Efforts  will  continue  to  develop  formulations  to  achieve  oral 
effectiveness  o f  WR  2721  so  that  a  radioprotectant  will  be 
available  for  soldiers  on  the  battlefield.  Alternatives  to  WR 
2721  will  ne  sought  through  synthesis  and  animal  testing.  WR 
3638,  an  analog  of  WR  2721  with  superior  oral  efficacy  and 
tolerance  in  rodents,  will  be  studied  in  detail  to  determine  the 
desirability  of  proceeding  to  formal  prs-clinical  trials. 
Mechanisms  of  action  of  radi oprotectant  drugs  will  be 
investigated,  specifically  the  rel ati onshi p  wi th  prostaglandins 
and  ql ucocorti coi ds .  The  development  of  the  analytical  procedure 
for  HR  2721  allows  definitive  pharmacokinetic  studies  to  be 
performed  in  animals  and  man  which  will  support  the  logical 


development  of  product  formulations  and  expansion  of  clinical 
trials.  Studies  are  In  progress  to  characterize  the  ability  of  WR 
2721  to  protect  the  lungs  of  rats  against  short-and  long-term 
effects  of  ionizing  radiation.  The  factors  responsible  for  the 
failure  of  'VR  2721  and  most  other  experimental  radioprotectors  to 
effect  neuiologlcal  protection  will  be  investigated. 
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23.  (U)  The  technical  objectives  of  this  work  unit  are  to  obtain  the  necessary  informa¬ 
tion  for  chemical  warfare  agent  antidotes  to  support  a  Notice  of  Claimed  Investigational 
Exemption  for  a  New  Drug  (IND).  The  antidotes  will  be  developed  for  the  defense  of 
military  personnel  in  an  integrated  chemical/nuclear/conventional  battlefield. 

24.  (U)  A  highly  integrated,  multidisciplinary  effort  is  required  to  coordinate  the 
extramural  and  intramural  studies  necessary  to  develop  candidate  chemical  warfare  agent 
antidotes.  The  actual  studies  performed  are  dictated  by  scientific  rationale  and 
existing  federal  regulations  to  include  the  completion  of  efficacy  and  toxicity  studies, 
formulation  development,  pharmacokinetic  and  metabolism  studies. 

25.  (U)  o2  IO  -  8"?  09  Two  candidate  nerve  agent  antidotes,  WR  249,943  (MM84)  and 
WR  249,655  (HI-6),  are  presently  undergoing  accelerated  stability  studies.  These 
studies  rely  on  high  pressure  liquid  chromatograph: c  (HPLC)  analysis  techniques  applied 
to  the  various  chemical  and  physical  experiments  being  conducted.  Initial  results 
indicate  that  buffer  pH  values  of  3.0  to  3.5  provide  the  greatest  stability  for  MM84, 

The  phosphorothioate  WR  2823  and  the  ant i 1 e i shmania 1  WR  6026  have  shown  activity  as 
possible  anticyanide  drugs.  WR  2823  is  presently  being  microencapsulated  to  protect 
it  from  acid  cleavage  in  the  stomach.  The  metabolism  of  WR  6026  is  being  studied  in 
isolated  hepatocytes  and  microsomes.  Other  antiparasitic  drugs  with  similar  properties 
are  being  studied  as  candidates  for  anticyanide  activity.  f°r  technical  report,  see 
Walter  Reed  Army  Institute  of  Research  Annual  Report,  1  Oct  82  -  30  Sep  83- 
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3M463764D995  l.'CW-SYSTEK  ADVANCED  DEVELOPMENT  OF  ANTIDOTES 

Work  Unit:  070  Precl  initial  Studies  of  Ant.  i -Chemical  Warfare  Drugs 

Investigators: 

Principal:  Melvin  H.  Heiffer,  Ph.D. 

Associate:  CPT  A.  Schroeder,  CPT  J.  Anders,  CPI  A.  Theoharldes, 
SP4  V.  Melendez,  SP4  H.  Velazquez,  J.  DiGiovannl,  J. 
Bartosevi  ch 


1.  Description. 

The  development  of  agents  which  protect  against  the  effects  of 
radiation  injury  requires  a  highly  integrated,  multidisciplinary 
effort  to  undertake  a  broad  range  of  preclinical  and  clinical 
pharmacological  studies.  The  ultimate  goal  of  this  work  is  to  obtain 
the  necessary  information  to  support  granting  of  a  Notice  of  Claimed 
Investigational  Exemption  for  a  New  Drug  { I ND)  by  the  Food  and  Drug 
Administration  (FOA)  for  e#ch  candidate  radi oprotectant. 

2.  Progress. 

Accelerated  stability  studies  of  two  potential  nerve  agent 
antidotes,  WR  249,943  (MM84)  and  WR  249,655  (HI-6)  are  currently 
underway.  High  pressure  liquid  chromatographic  (HPLC)  assays  have 
been  developed  to  permit  this  work  which  is  an  examination  of  the 
stability  of  these  two  confounds  under  a  variety  of  conditions  such 
as  changing  temperature,  pH,  formulation  buffer,  etc.  Results  thus 
far  indicate  that  buffer  pH  values  of  3.0  to  3.5  provide  the  greatest 
stabi 1 i ty  of  MMB4. 

Possible  anticyanide  activity  has  been  shown  by  WR  2823  and  WR 
6026.  Since  WR  2823  is  a  phosphorothloate  compound,  and  therefore 
acid-labile,  it  is  presently  being  mi croencapsul ated  to  protect  it 
from  acid  cleavage  In  the  stomach  after  oral  administration.  The 
metabolism  of  WR  6026  is  being  studied  in  isolated  hepatocytes  and 
microsomes  to  determine  the  active  component  of  the  drug.  Other 
antiparasltic  drugs  with  structures  and  properties  similar  to  WR  6026 
are  being  studied  as  potential  an* I  cyanide  drugs. 

3.  Future  Work . 

Formulation  work  v  ,1  continue  on  WR  249,943  (MMB4)  and 
WR  249 ,655(H  1-6)  un;  11  the  optimum  conditions  have  been  determined 
for  further  deve’opment.  After  mi croencapsul at  ion  of  WR  2823  has 


been  completed,  studies  on  bioavailability,  pharmacokinetics,  and 
metabolism  will  be  conducted.  Studies  on  WR  6026  and  related 
antiparasitic  drugs  will  continue  to  determine  If  suitable 
anti  cyanide  drugs  can  be  developed  from  this  class  of  compounds. 
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23.  (U)  The  technical  objective  of  this  work  unit  is  to  obtain  the  necessary  information 
to  support  a  Notice  of  Claimed  Investigational  Exemption  for  a  New  Drug  ( IND)  for  anti¬ 
radiation  agents  being  developed  for  defense  of  military  personnel  ir.  an  integrated 
chemical/nuclear/conventional  battlefield. 

24.  (U)  A  highly  integrated,  multidisciplinary  effort  is  required  to  coordinate  the 
extramural  and  intramural  studies  necessary  to  develop  candidate  antiradiation  agents. 
The  actual  studies  performed  are  dictated  by  scientific  rationale  and  existing  federal 
regulations  to  include  the  completion  of  efficacy  and  toxicity  studies,  formulation, 
development,  as  well  as  pharmacokinetic  and  metabolic  studies. 

25.  (U)  32  10  -  83  09  Analytical  procedutes  were  developed  for  the  HPIC  measurement  of 
the  radioprotectant  drug  WR  2721.  Work  under  contract  is  now  underway  to  extend  these 
procedures  to  analyze  WR  1065,  the  major  metabolite  of  WR  2721.  This  work  will  support 
the  overall  effort  to  develop  an  oral  formulation  of  WR  2721.  New  studies  have  recently 
been  instituted  to  examine  the  comparative  effectiveness  of  WR  2721,  the  dephosphory- 
lated  metabolite  WR  1065,  and  several  congeners.  This  work  is  being  conducted  using  a 
variety  of  subcellular  and  isolated  cell  models.  Some  newer  aspects  of  the  latter  work 
will  be  conducted  in  FY  84  under  61110191 CL A  (APC  WWMN).  For  technical  report,  see 
Walter  Reed  Army  Institute  of  Research  Annual  Report,  1  Oct  82  -  30  Sep  83. 
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3M403764D995  NON-SYSTEM  ADVANCED  DEVELOPMENT  OF  ANTIDOTES 
Work  Unit:  071  Preclinical  Studies  of  Anti radiation  Drugs 
Investigators: 

Principal:  Malvin  H.  Heiffer,  Ph.O 

Associate:  Dr.  L.  Fleckenstein 

1.  Descri ption. 

The  development  of  agents  which  protect  against  the  effects  of 
radiaton  injury  requires  a  highly  integrated,  multidisciplinary 
effort  to  undertake  a  broad  range  of  preclinical  and  clinical 
pharmacological  studies.  The  ultimate  goal  of  this  work  is  to  obtain 
the  necessary  information  to  support  granting  of  a  Notice  of  Claimed 
Investigational  Exemption  for  a  Nev  Drug  (IND)  by  the  Food  and  Drug 
Ad mi  nstration  (FDA)  for  each  candidate  radioprotectant. 

2.  Progress. 

WR  2721  is  an  ami  nopropyl  ami  noethyl  phosphorothi oate  compound 
currently  being  developed  by  the  department  for  submission  to  the  FDA 
as  an  anti radi  at i on  drug.  The  drug  shows  good  radioprotectant 
activity  after  intravenous  administration.  The  drug  undergoes  rapid 
hydrolysis  under  acidic  conditions  and  thus  would  not  be  expected  to 
survive  the  acidic  conditions  of  the  stomach  without  significant 
degradation.  As  expected,  the  drug  shows  little  radioprotection  in 
animal  studies  following  oral  administration.  To  be  useful  in 
military  settings,  under  field  conditions,  it  is  necessary  to  develop 
a  dosage  form  which  can  be  taken  orally,  in  order  to  support  studies 
on  such  an  oral  form,  won*  is  underway  to  develop  a  sensitive  and 
specific  assay  for  WR  1065,  the  dephosphoryl ated  metabolite  of  WR 
2721.  This  will  ..llov  more  accurate  assessment  of  the  actual  amount 
of  drug  reaching  the  blood  stream  when  comparing  various  oral 
preparations.  This  will  also  allow  for  the  development  of  more 
accurate  pharmacokinetic  data  to  support  the  IND. 

Initial  studies  ha--e  been  conducted  to  compare  the  effects  of  WP. 
2721  and  WR  1065  on  glucocorticoid  receptors  for  the  purpose  of 
enhancing  the  radioprotective  effect  of  WR  2721.  These  methods  are 
being  developed  In  both  subcel lul ar  fractions  and  whole  cell 
preparations  of  rat  liver. 
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3.  Future  Work . 


The  HPLC  method  for  analyzing  WR  1065  will  be  used  In  conjunction 
with  that  developed  for  WR  2721  to  determine  the  best  feasible  oral 
preparation  for  radioprotection  by  WR  2721.  In  combination  these  two 
analytical  methods  will  also  allow  for  the  development  of  extensive 
pharmacokinetic  and  metabolic  information  on  this  drug. 

The  work  on  the  effects  of  WR  2721  and  WR  1065  on  glucocorticoid 
receptors  will  be  extended  to  animals  that  have  received  whole  body 
i rradi ation. 
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ISOLATION  AND  CHARACTERIZATION  OF  MONOCLONAL  ANTIBODIES  TO  SHIGA  TOXIN. 
INFECT  IMMUN 

41:  430-433  1983 


vi 

7# 

$ 


032-33  HALE,  T.  L.  SANSONETTI ,  P.  J.  SCHAD,  P.  A. 

AUSTIN,  S.  FORMAL,  S.  B. 

CHARACTERIZATION  OF  VIRULENCE  PLASMIDS  AND  PLASMID-ASSOCIATED  OUTER 
MEMBRANE  PROTEINS  IN  SHIGELLA  FLEXNERI ,  SHIGELLA  SONNEI ,  AND  ESCHERICHIA 
COL  I. 

INFECT  IMMUN 

40:  340-350  1983 

033-83  HALES,  R.  E.  JONES,  F.  D. 

TEACHING  THE  PRINCIPLES  OF  COMBAT  PSYCHIATRY  TO  ARMY  PSYCHIATRY  RESIDENTS 
MI L IT  MED 

148:  24-27  1983 


.3 
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0034-83  HARBACH,  R.  E.  HARRISON,  B.  A. 

FREEZE-DRYING  ADULT  MOSQUITOES  FGR  TAXONOMIC  STUDY. 

MOSQUITO  SYSTEMATICS 
15:  50-54  1983 

003G-83  HARMON,  J.  W.  HAlUSZKA,  M. 

CARE  OF  BLAST-INJURED  CASUALTIES  WITH  GASTROINTESTINAL  INJURIES. 

MILIT  MED 

148:  586-583  1983 

0036-83  HARMON,  J.  W.  SE1D,  W. 

SURGICAL  APPROACHES  TO  STUDYING  GASTROINTESTINAL  PHYSIOLOGY. 

IN:  DIGESTIVE  PHYSIOLOGY 
EDITOR:  D.  A.  TITCHEN 

PUBLISHER:  ELSEVIER  SCIENTIFIC  PUBLISHERS,  COUNTY  CLARE,  IRELAND 
P2:  1-20  1982 

0037-83  HARMON,  J.  W.  SLID,  W. 

SURGICAL  APPROACHES  TO  STUDYING  GASTROINTESTINAL  PHYSIOLOGY. 

IN:  TECHNIQUES  IN  THE  LIFE  SCIENCES 
EDITOR:  D.  A.  TITCHEN  (SYDNEY) 

PUBLISHER:  ELSEVIER  BIOMEDICAL 
P2 :  P204/1-20  1982 

0038-83  HARRISON,  B.  A.  CALLAHAN,  M.  C.  WATTS,  D.  M. 

P ANTHUS I R I ,  L.  . 

AN  EFFICIENT  FLOATING  LARVAL  TRAP  FOR  SAMPLING  AEDES  AEGYPTI  POPULATIONS. 

J  MED  ENTOMOL 

19:  722-727  1982 

0039-83  HASE,  T. 

ASSEMBLY  OF  RICKETTSIA  TSUTSUGAMUSH'  PROGENY  IN  IRRADIATED  L  CELLS. 

J  BACTERIOL 

154:  976-979  1983 

004U-63  HASE,  T. 

GROWTH  PATTERN  OF  RICKETTSIA  TSUTS’JGAMU^HI  IN  7 RRI DATED  L  CELLS. 

J  BACTERIOL 

154 :  879-892  1983 

0041-83  HAVERLY,  A.  L.  PAPPAS,  M.  G.  HENRY,  R.  R. 

NACY  C.  A. 

IN  VITRO  MACROPHAGE  ANTIMICROBIAL  ACTIVITIES  AND  IN  VIVO  SUSCEPTIBILITY 
TO  LEISHMANIA  TROPICA  INFECTION. 

IN:  HOST  DEFENSES  TO  INTRACELLULAR  PATHOGENS 
EDITORS:  T.  K.  EISENSTEIN  AND  P.  ACTOR 
PUBLISHER:  PLENUM  PUBLISHING  CORPORATION 
433-439  1983 

0042-83  HEISEY ,  G.  B.  SHIRAI,  A.  GROVES,  M.  G. 

THE  EFFECT  OF  MOUSE  AGE  ON  THE  DETERMINATION  OF  RICKETTSIA  TSUTSUGAMUSHI 
VIRULENCE. 

JPN  J  MED  SCI  BIOL 
35:  235-238  1983 


658 


0043-83 


044-83 


0045-83 


0046-83 


0047-83 


004cS-o3 


0049-83 


0050-83 


0051-83 


HENCHAL,  E.  A.  MCCOWN,  J.  M.  SEGUIN,  M.  C. 

GENTRY,  M.  K.  8RANDT ,  W.  E. 

RAPID  IDENTIFICATION  OF  DENGUE  VIRUS  ISOLATES  SY  USING  MONOCLONAL 
ANTIBODIES  IN  AN  INDIRECT  IMMUNOFLUORESLNCE  ASSAY. 

AM  J  TROP  MED  HYG 

32:  164-169  1983 

HOLAOAY ,  J.  W. 

CARDIORESPIRATORY  EFFECTS  OF  v  AND  <5  OPIATE  AGONIST  FOLLOWING  THIRD 
OR  FOURTH  VENTRICULAR  INJECTIONS. 

PEPTIDES 

3:  1023-1029  1982 


HOLADAY,  J.  W. 

ENDORPHINS  IN  SHOCK  AND  SPINAL  INJURY;  THERAPEUTIC  EFFECTS  OF  NALOXONE 
AND  THYROTROPIN-RELEASING  HORMONE. 

IN:  MOLECULAR  AND  CELLULAR  ASPECTS  OF  SHOCK  AND  TRAUMA 
PUBLISHER:  ALAN  R.  LISS,  INCORPIRATED,  NEW  YORK,  NEW  YORK 
167-184  1982 

HOLAOAY,  J.  W.  FADEN,  A.  I. 

SPINAL  SHOCK  AND  INJURY:  EXPERIMENTAL  THERAPEUTIC  APPROACHES. 

ADV  SHOCK  RES 

10:  95-98  1982 

HOLADAY,  J.  W.  PASTERNAK,  G.  W.  FADEN,  A.  I. 

NALOXONE  PRETREATMENT  MODIFIES  CARDIORESPIRATORY,  TEMPERATURE.  AND 
BEHAVIORAL  EFFECTS  OF  MORPHINE. 

NEURQSCI  LETT 

37:  199-204  1983 

HOLADAY,  J.  W.  PASTERNAK.  G.  W.  D'hMATO,  R.  J. 

RUVIO,  B.  A.  FADIN,  A.  I. 

NALOXAZONE  LACKS  THERAPEUTIC  EFFECTS  IN  ENDCTOXIC  SHOCK  YET  BLOCKS 
THE  EFFECTS  OF  NALOXONE. 

EUR  J  PHARMACOL 

89:  293-29o  1983 

HOLADAY,  J.  W.  REYNOLDS,  D.  G. 

THE  ROLE  OF  ENDOGENOUS  OPIATES  IN  SHOCK:  INTRODUCTORY  COMMENTS. 

ADV  SHOCK  RES 

10:  53-55  1982 

JERRELLS,  T.  R.  OSTEPMAN,  J.  V. 

DEVELOPMENT  OF  SPECIFIC  AND  CROSS-REACTIVE  LYMPHOCYTE  PPOLIVERATIVE 
RESPONSES  DURING  CHRONIC  IMMUNIZING  INFECTIONS  WITH  RICKETTSIA 
TSUTSUGAMUSHI. 

INFECT  IMMUN 

40:  147-156  1983 

JERRELLS,  T.  R.  OSTERMAN,  J.  V. 

PARAMETERS  OF  CELLULAR  IMMUNITY  IN  ACUTE  AND  CHRONIC  RICKETTSIA  TSUTSU¬ 
GAMUSHI  INFECTIONS  OF  INBRED  MICE. 

IN:  HOST  DEFENSES  TO  INTRACELLULAR  PATHOGENS 
EDITORS :'T.  K.  EISENSTEIN ,  P.  ACTOR,  AND  H.  FRIEDMAN 
PUBLISHER:  PLENUM  PUBLISHING  CORPORATION 
355-360  1983 
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0052-83  JERRELLS,  T.  R.  PALMER,  B.  A.  OSTERHAN,  J.  V. 

GAMMA- IRRADIATED  SCRUB  TYPHUS  ift-IUNOGENS :  DEVELOPMENT  Of  CELL-MEDIATED 
IMMUNITY  AFTER  VACCINATION  OF  INBRED  MICE. 

INFECT  IMMUN 

39:  262-269  1983 

0053-83  JURNEY,  T.  H.  SMALLRIDGE,  R.  C.  ROUTLEDGE,  P.  A. 

SHAND,  D.  G.  WARTOFSKY,  L. 

PROPRANOLOL  DECREASES  SERUM  THYROXINE  AS  WELL  AS  TRIIODOTHYRONINE  IN 
RATS:  A  PROTEIN-BINDING  EFFECT. 

ENDOCRINOLOGY 

112:  727-732  1982 

U054-83  KANT,  G.  J.  MEYERHOFF,  J.  L.  BUNNELL,  B.  N. 

LENCX  R  H 

CYCLIC  AMP  AND  CYCLIC  GMP  RESPONSES  TO  STRESS  IN  BRAIN  AND  PITUITARY: 
STRESS  ELEVATES  PITUITARY  CYCLIC  AMP. 

PHARMACOL  BIOCHEM  BEHAV 
17:  1067-1072  1982 


00:>5-tf3  KANT,  G.  J.  BATES,  V.  £.  LENOX,  R.  H. 

MEYERHOFF,  J.  L. 

EFFECTS  OF  ACUTE  AND  CHRONIC  DESMETHYLIMIPRAMINE  ON  LEVELS  OF  CYCLIC 
AMP  IN  VIVO. 

BIOCHEM  PHARMACOL 

31:  732-735  1983 

0056-83  KAUFMAN,  L.  W.  COLLIER,  G. 

COST  AND  MEAL  PATTERNS  IN  WILD-CAUGHT  RATS. 

PHYSIOL  BEHAV 

30:  445-449  19b3 

0057-83  KEENAN,  K.  P.  CO«BS.  J.  W.  MCDOWELL,  E.  M. 

REGENERATION  OF  HAMSTER  TRACHEAL  EPITHELIUM  AFTER  MECHANICAL  INJURY. 

I.  FOCAL  LESION:  QUANTITATIVE  MORPHOLOGIC  STUDY  OF  CELL  PROLIFERATION. 
VIRCHOWS  ARCH  (CELL  PATHOL) 

41:  193-214  1382 


0058-83  KEENAN,  K .  P.  COMBS ,  J.  W.  MCDOWELL,  E.  M. 

REGENERATION  Of'  HAMSTER  TRACHEAL  EPITHELIUM  AFTER  MECHANICAL  INJURY. 

III.  LARGE  AND  SMALL  LESIONS:  COMPARATIVE  STATHMCKI.NET I C  AND  SINGLE  PULSE 
AND  CONTINUOUS  THYMIDINE  LABELING  AUTORADIOGRAPHIC  stUDIES. 

VIRCHOWS  ARCH  (CELL  PATHOL) 

41:  231-252  1982 


0059-83  KEENAN.  K.  P.  COMBS,  J.  W.  MCDOWELL,  E.  M. 

REGENERATION  OF  HAMSTER  T RACHEL  EPITHELIUM  AFTER  MECHANICAL  INJURY. 

II.  MULTIFOCAL  LESIONS:  STATKMOKINETIC  AND  AUTORADIOGRAPHIC  STUDIES  OF 
CELL  PROLIFERATION. 

VIRCHOWS  ARCH  (CELL  PATHOL) 

41:  21S-229  1982 


0060*83 


0061-83 


KEENAN,  K.  P.  COMBS,  J.  W.  MCDOWELL,  E.  M. 

REGENERATION  OF  HAMSTER  TRACHEAL  EPITHELIUM  AFTER  MECHANICAL  INJURY. 
IV.  HISTOCHEMICAL,  IMMUNOCYTOCHEMICAL  AND  ULTRASTRUCTURAL  STUDIES. 
VIRCHOWS  ARCH  (CELL  PATHOL) 

41:  213-240  1983 

KLAYMAN,  K.  P.  SCOVILL,  J.  P.  MASON,  C.  J. 

BARTOSEVICH,  J.  F.  BRUCE,  J.  LIN,  A.  J. 

2-ACETYLPYR1DINE  THIOSEMICARBAZONES.  6.  2-ACETYLPYRIDINE  AND 
2-BUTYRYLPYRIDINE  THIOSEMICARBAZONES  AS  ANTILEUKEMIC  AGENTS). 
ARZNEIM-FORSCH/DRllG  RES 
33:  909-912  1983 


0062-83  KLAYMAN,  D.  L.  SCOVILL,  J.  P.  BARTOSEYICH,  J.  F. 

BRUCE  J 

2-ACETYLPYRIDINE  THIOSEMICARBAZONES.  5.  l-[  l-(2-PYRIDYL) ETHYL]  -3- 
THIOSEMICARBAZONES  AS  POTENTIAL  ANTIMALARIAL  AGENTS. 

J  MED  CHEM 

26:  35-39  1962 


0063-83  LAM,  K.  W.  BURKE,  D.  S.  SIEMENS,  M. 

CIPPERLY  V.  LI  C.  Y.  LAM  L.  T. 

CHARACTERIZATION  OF  SERUM  ACID  PHOSPHATASE  ASSOCIATED *W I TH  DENGUE 
HEMORRHAGIC  FEVER. 

CLIN  CHEM 

28:  2296-2299  1962 

0064-83  LAZERE,  J.  R.  GEMSKI ,  P. 

ASSOCIATION  OF  COLONY  MORPHOLOGY  WITH  VIRULENCE  OF  YERSINA  ENTEROCOLITICA. 

FEMS  MICROBIOL  LETT 

17:  121-126  1982 

00o5-83  LIGHTNER,  L.  K.  CHULAY,  J.  D.  BRYCESON,  A.  D.  M. 

COMPARISON  OF  MICROSCOPY  AND  CUITURE  IN  THE  DETECTION  OF  LEISHHANIA 
DONOVAN I  FROM  SPLENIC  ASPIRATES. 

AM  J  TROP  MED  HYG 

32:  296-299  1963 

0066-83  LILLEMOE,  K.  D.  JOHNSON,  L.  F.  HARMON,  J.  W. 

ALKAtINE  ESOPHAGITIS:  A  COMPARISON  OF  THE  ABILITY  OF  COMPONENTS  OF 
GASTpJOUOOENAL  CONTENTS  TO  INJURE  THE  RABBIT  ESOPHAGUS. 

GAS  I ROENTEROLOGY 

85:  621-628  1983 


0067-83  LILLEMOE,  K.  D.  KIDDER,  G.  W.  HAWN,  J.  W. 

GADACZ,  T.  R.  JOHNSON,  L.  F.  BUNTE,  R.  M. 

HOFMANN,  A.  T. 

TAUROURSODEOXYCHOLIC  ACID  IS  LESS  DAMAGING  THAN  TAUROCHENGOEQXY CHOLIC 
ACID  TO  THE  GASTRIC  ANO  ESOPHAGEAL  MUCOSA. 

DIG  DIS  SCI 

28:  359-364  1983 

U 066-83  LILLEMOE,  K.  D.  GADACZ,  T.  R.  HARMON,  J.  W. 

ROLE  OF  THE  COMPONENTS  OF  GASTRODUODENAL  CONTENTS  IN  ALKALINE  ESOPHAGITIS. 
SURG  FORUM 

33:  142-144  1982 


0069-83  LILLEMOE,  K.  0.  GAZACZ ,  T.  R.  HARMON,  J.  W. 

BILE  ABSORPTION  OCCURS  DURING  DISRUPTION  OF  THE  ESOPHAGEAL  MUCOSAL 
BARRIER. 

J  SURG  RES 

35:  57-62  1983 


0C70-83  LYLERLY,  W.  H. 

CUTANEOUS  MYIASIS:  A  MEDICAL  PROBLEM  NOT  LIMITED  TO  THE  TROPICS. 
CASE  REPORT. 

MILIT  MED 

148:  524-526  1983 


0071-83  MANNING,  F.  J.  INGRAHAM,  L.  H. 

DRUG  "OVERDOSES"  AMONG  U.S.  SOLDIERS  IN  EUROPE,  1978-1979.  I.  DEMOGRAPHICS 
ANU  TOXICOLOGY. 

INT  J  ADDICT 

18:  89-98  1983 


0072-83  MANNING,  F.  J.  INGRAHAM,  L.  H.  DEROUIN,  E.  M. 

VAUGHN,  M.  S.  KUKURA,  F.  C.  ST.  MICHEL,  G.  R. 

DRUG  "OVERDOSES"  AMONG  U.S.  SOLDIERS  IN  EUROPE,  1978-1979.  II.  PSY¬ 
CHOLOGICAL  AUTOPSIES  FOLLOWING  DEATHS  AND  NEAR-DEATHS. 

INT  J  ADDICT 

1b:  153-166  1983 


0073-83  MCNEIL,  J.  S.  JACKSON,  B.  NELSON,  L. 

BUTKOS,  D.  E. 

THE  ROLE  OF  PROSTAGLANDINS  IN  GENTAMICIN-INDUCED  NEPHROTOXICITY  IN  THE  DOG. 
NEPHRON 

33:  202-207  1982 


0074-83  MOE,  J.  B.  OSBURN,  B.  I. 

FETAL  AND  MATERNAL  IMMUNOLOGIC  MANIFESTATIONS  OF  INTRAUTERINE  ADENOVIRUS 
SV-20  INFECTION. 

VET  IMMUNOL  IMMUNOPATHOL 
4:  319-332  1983 

0075-83  NACY,  C.  A.  MELTZER,  M.  S.  LEONARD,  E.  J. 

STEVENSON,  M.  M.  SKAMENE,  E. 

ACTIVATION  OF  MACROPHAGES  FOR  KILLING  OF  RICKETTSIAE:  ANALYSIS  OF  MACROPHAGE 
EFFECTOR  FUNCTION  AFTER  RICKETTSIAL  INOCULATION  OF  INBRED  MOUSE  STRAINS. 

IN:  HOST  DEFENSES  TO  INTRACELLULAR  PATHOGENS 
EDITORS:  T.  K.  EISENSTEIN,  P.  ACTOR,  AMD  H.  FRIEDMAN 
PUBLISHER:  PLENUM  PUBLISHING  CORPORATION 
335-353  1983 

0076-83  NACY,  C.  A.  FORTIER,  A.  H.  PAPPAS,  M.  G. 

HENRY,  R.  H. 

SUSCEPTIBILITY  OF  INBRED  MICE  TO  LEISHMANIA  TROPICA  INFECTION:  CORRELA¬ 
TION  OF  SUSCEPTIBILITY  WITH  IN  VITRO  DEFECTIVE  MACROPHAGE  MICROBICIDAL 
ACTIVITIES. 

CELL  IMMUNOL 

77:  298-307  1983 
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0077-83  PAPPAS,  M.  G.  NACY,  C.  A. 

ANT I LEISHMANIAL  ACTIVITIES  OF  MACROPHAGES  FROM  C3H/HEN  AND  C3H/HEJ 
MICE  TREATED  WITH  MYCOBACTERIUM  BOVIS  STRAIN  BCG. 

CEL1.  IMMUNOL 

80:  217-222  1983 

0078-83  PAPPAS,  M.  G. 

INFECTION  AND  REPLICATION  OF  LEISHMANIA  TROPICA  IN  MOUSE  PERITONEAL 
MACROPHAGES  BY  STERILE  INFLAMMATORY  AGENTS  AND  BCG. 

AM  J  TROP  MED  HYG 

32:  952-959  1983 

0079-83  PAPPAS,  M.  G.  OSTER,  C.  N.  NACY,  C.  A. 

INTRACELLULAR  DESTRUCTION  OF  LEISHMANIA  TROPICA  BY  MACROPHAGES  ACTIVATED 
IN  VIVO  WITH  MYCOBACTERIUM  BOVIS  STRAIN  BCG. 

IN:  HOST  DEFENSES  TO  INTRACELLULAR  PATHOGENS 
EDITORS:  T.  K.  EISENSTEIN,  P.  ACTOR,  AND  H.  FRIEOMAN 
PUBLISHER:  PLENUM  PUBLISHING  CORPORATION 
425-431  1983 

0080-83  PAPPAS,  M.  G.  HAJKOWGKI ,  R.  DIGGS,  C.  L. 

HOCKMEYER,  W.  T. 

DEVELOPMENT  OF  AN  ANTIGEN  CONSERVATIVE  ENZYME  IMMUNOASSAY  (DOT-EL ISA) 

FOR  THE  RAPID  DIAGNOSIS  OF  •  -.aCF?;.  LEISHMANIASIS. 

TRANS  R  SOC  TROP  MED  HYG 
77:  425-426  1983 

0081-83  PARKER,  A.  G.  GIGLIOLI ,  M.  E.  C.  MUSSINGTON,  S. 

KNUDSEN,  A.  B.  WARD,  R.  A.  AARONS,  R. 

ROCK  HOLE  HABITATS  OF  A  FERAL  POPULATION  OF  AEDES  AEGYPTI  ON  THE  ISLAND 
OF  ANGUILLA,  WEST  INDIES. 

MOSQUITO  NEWS 

43:  79-81  1983 

0082-83  PAVIA,  C.  S.  DIGGS,  C.  L.  WILLIAMS,  J. 

THE  USE  OF  METRIZAMIDE  FOR  ISOPYKNIC  SEPARATION  AND  ENRICHMENT  OF 
PLASMODIUM  FALCIPARUM  SCHIZONTS  FROM  CONTINUOUS  CULTURE. 

AM  J  TROP  MED  HYG 
32:  o75-681  1983 

(  .J-83  RASLEAR,  T.  G.  SORRENTINO,  R.  P.  RUONICK,  F. 

LOUDNESS  SCALING  ANO  MASKING  IN  RATS. 

BEHAV  NEUROSCIENCE 
97:  392-398  1983 

0084-83  RASLEAR,  T.  G. 

A  TEST  OF  THE  PFANZAGL  BISECTION  MODEL  IN  RATS. 

J  EXP  PSYCHOL 
9:  49-62  1983 

0085-83  RATTANARITHIKUL,  R. 

A  GUIDE  TO  THE  GENERA  OF  MOSQUITOES  (DIPTERA:  CULICIDAE)  OF  THAILAND 
WITH  ILLUSTRATED  KEYS,  BIOLOGICAL  NOTES  AND  PRESERVATION  AND  MOUNTING 
TECHNIQUES. 

MOSQUITO  SYSTEMATICS 
14:  139-208  1983 
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0086-83  REPIK,  P.  M.  DALRYMPLE,  J.  H.  BRANDT,  W.  E. 

MCCOWN,  J.  M.  RUSSELL,  P.  K. 

RNA  FINGERPRINTING  AS  A  METHOD  FOR  DISTINGUISHING  DENGUE1  VIRUS  STRAINS. 

AM  J  TROP  MED  HYG 

32:  577-589  1982 

0087-83  RICHARDS,  R.  L.  FISHMAN,  P.  H.  MOSS,  J. 

ALVING,  C.  R. 

BINDING  OF  CHOLERAGEN  ANO  ANT I -GANGL I OS I DE  ANTIBODIES  TO  GANGLIOSIDES 
INCORPORATED  INTO  PREFORMED  LIPOSOMES. 

BIOCHIM  BIOPHYS  ACTA 
733:  249-255  1983 

0088-83  RICHARDS,  R.  L.  ARONSON,  J.  SCHOENBELCHER,  M. 

DIGGS,  C.  L.  ALVING,  C.  R. 

ANTIBODIES  REACTIVE  WITH  LIPOSOMAL  PHOSPHOLIPIDS  ARE  PRODUCED  DURING 
EXPERIMENTAL  TRYPANOSOMA  RHODES  I ENSE  INFECTIONS  IN  RABBITS. 

J  IMMUNOL 

130:  1390-1394  1983 

0089-83  RICHARDSON,  E.  C.  BANERJI,  B.  SEID,  R.  C.  JR. 

LEVING,  J.  ALVING,  C.  R. 

INTERACTIONS  OF  LIPID  A  AND  LIPOSOME-ASSOCIATED  LIPID  A  WITH  LIMULUS 
POLYPHEMUS  AMOEBOCYTES. 

INFECT  IMMUN 

39:  1385-1391  1983  * 

0090-83  ROBERTS,  D.  L.  ALECRIH,  W.  D.  TAVARES,  A.  M. 

MCNEIL,  K.  M. 

FIELD  OBSERVATIONS  ON  THE  GONOTROPHIC  CYCLE  OF  ANOPHELES  DARL1NGI 
(DIPTEPA:  CULICIDAE) . 

J  MEO  ENTOMOL 

20:  189-192  1983 

0091-83  ROERDINK,  F.  WASSEF,  N.  B.  RICHARDSON,  £.  C. 

ALVING  C.  R. 

EFFECTS  OF  NEGATIVELY  CHARGED  LIPIDS  ON  PHAGOCYTOSIS  OF  LIPOSOMES 
OPSONIZED  BY  COMPLEMENT. 

BIOCHIM  8I0PHYS  ACTA 

734:  33-39  1983 

0092-83  ROTHBERG,  J.  M.  TAHMOUSH,  A.  J.  OLDAKOWSKI ,  R. 

THE  EPIDEMIOLOGY  OF  CAUSALGIA  AMONG  SOLDIERS  WOUNDED  IN  VIETNAM. 

MILIT  MED 

148:  347-350  1983 

0093-83  SANSONETTI,  P.  J.  HALE,  T.  L.  DAMMIN,  G.  J. 

KAPFER,  C.  COLLINS,  H.  H.  JR.  FORMAL,  S.  B. 

ALTERATIONS  IN  THE  PATHOGENICITY  OF  ESCHERICHIA  COLI  K-12  AFTER  TRANSFER 
OF  PLASMID  AND  CHROMOSOMAL  GENES  FROM  SHIGELLA  FLEXNERI. 

INFECT  IMMUN 

39:  1392-1402  1983 


0094-83  SMAL.LRIDGE,  R.  C.  WARTOFSKY ,  L.  BURMAN,  K.  0. 

THE  EFFECT  OF  EXPERIMENTAL  HYPERTHYROIDISM  AND  HYPOTHYROIDISM  ON 
5 ' -MQNODE I OD I NAT I ON  OF  3, 3‘ ,5-TRIIODOTHYRONINE  AND  3' ,5'-DIIODOTHYRONINE 
BY  RAT  LIVER  AND  KIDNEY. 

ENDOCRINOLOGY 

111:  2086-2069  1982 
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